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Child conduct problems (CP), characterized by oppositionality, disruptiveness, aggression, and 
rule-breaking behavior, present a significant public health issue, as they are the most common 
reason children are referred for mental health services (Lavigne et al., 1996). Parenting 
interventions for child CP have been found to be efficacious, with meta-analyses demonstrating 
small to moderate effects (e.g., Lundahl et al., 2006; Reyno & McGrath 2006). The Family 
Check-Up (FCU), a preventive intervention combining aspects of motivational interviewing with 
parent training, is one intervention found to significantly reduce child CP. As not all children 
improve following parenting interventions (Webster-Stratton, 1990; Webster-Stratton & 
Hammond, 1997), exploring moderators is an important way to identify subgroups who may 
respond differentially (Gardner et al., 2009). Baseline level of child CP is one important potential 
moderator, as young children with elevated CP are at risk for long-term persistence (Campbell, 
Shaw, & Gilliom, 2000). The current study examined baseline CP as a moderator of effectiveness 
of the FCU utilizing latent growth curves of parenting and child behavior, group-based trajectory 
models, and parallel-process moderated mediation models to explore parenting and maternal 
depression as mediators. Participants included 731 mother-child dyads recruited at child age 2 
and followed to child age 9.5, half assigned to the FCU. The study involved structured annual in-
home assessments and measures of maternal depression, observed parenting, and child CP from 
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Shaw, Dishion, Burton, & Supplee, 2007; Patterson, Reid, & Dishion, 1992). Numerous aspects 
of parenting have been linked to the emergence of CP, particularly in early childhood, including 
positive dimensions such as warmth (Pettit, Bates, & Dodge, 1997) and negative dimensions 
such as rejection (Trentacosta & Shaw, 2008); therefore, it is not surprising that many widely 
implemented early interventions for CP target aspects of parenting (Lundahl, Risser, & Lovejoy, 
2006; Reyno & McGrath, 2006).  
One such parenting intervention which is the focus of the current research is the Family 
Check-Up (FCU), a preventive intervention that combines aspects of motivational interviewing 
with parent training for at-risk youth. The early childhood version of the FCU has demonstrated 
significant effects in reducing growth in child CP, with effect sizes from .57 (teacher reports at 
age 7.5) to .85 (parent report from ages 2 to 5) for families who attended annually repeated 
feedbacks for follow-ups (Dishion, Brennan, McEachern, Shaw, Wilson, & Weaver, 2014). At a 
broader level, meta-analyses of parenting interventions for child CP have shown small to 
moderate effects (Lundahl et al., 2006; Piquero, Farrington, Welsh, Tremblay, & Jennings, 
2009). While these results are favorable overall, parenting interventions are not effective for all 
parents and children. Studies have found that a sizeable group (e.g., one-fifth to one-third of 
children) fail to show improvement (Webster-Stratton, 1990; Webster-Stratton & Hammond, 
1997). Therefore, the investigation into moderators of effectiveness is a critical issue for the field 
both to inform ways to refine interventions and to advance theory. Moderator analyses can help 
identify subgroups to elucidate whether developmental processes differ for members of different 
groups or those at different levels of risk (Gardner et al., 2009; Hinshaw, 2002a). Importantly, 




and control groups to clarify if behavior in the control group might further deteriorate without 
intervention.  
Several empirical studies (e.g., Gardner et al., 2009; M. J. Reid, Webster-Stratton, & 
Baydar, 2004) and a limited number of reviews (e.g., Lundahl et al., 2006) have investigated 
whether factors across sociodemographic, child, and family domains operate as moderators and 
are associated with differential effectiveness. It is important to explore the potential for 
differential effectiveness by risk status because children who demonstrate CP are a 
heterogeneous group (Gardner et al., 2009), and families with multiple risks are more likely to 
have children whose CP escalate (Moffitt & Caspi, 2001). A recent review of studies that 
explored moderators of parenting intervention effects in the domains of sociodemographic risks 
(e.g., low income, parental education), family process risks (e.g., maternal depression, family 
conflict), and baseline levels of child CP found that although moderation was inconsistently 
demonstrated in sociodemographic and family process risk domains, one relatively consistent 
finding was that children with higher baseline CP tended to demonstrate greater benefits from 
intervention (Shelleby & Shaw, 2014). This is consistent with what has been reported in some 
meta-analyses (e.g., Lundahl et al., 2006) suggesting greater improvements for children with 
higher CP at baseline.  
Understanding how individuals with high initial levels of child CP respond to 
interventions is very important because child CP is directly targeted in parenting interventions. 
Further, children with elevated CP at young ages are at risk for long-term persistence of CP (e.g., 
Campbell, Shaw, & Gilliom, 2000), and thus they may be the most important targets for 
interventions to prevent long-term costs. Therefore, it is essential to understand whether 
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SDUHQWLQJSUDFWLFHVDQGFKLOGEHKDYLRU HJ'LVKLRQ	$QGUHZV)RUJDWFK	3DWWHUVRQ
$OWKRXJKWKH)&8KDVEHHQIRXQGWREHHIIHFWLYHLQVHYHUDOGRPDLQVLQFOXGLQJLPSURYLQJ
SDUHQWLQJ UHGXFLQJPDWHUQDO GHSUHVVLRQ DQG UHGXFLQJ FKLOG SUREOHPEHKDYLRU 'LVKLRQ HW DO
6KDZHWDOFRQVLVWHQWZLWKRXWFRPHVVWXGLHVRIRWKHUSDUHQWLQJLQWHUYHQWLRQVLWLV
OHVV HIIHFWLYH IRU VRPH FKLOGUHQ DQG IDPLOLHV HJ *DUGQHU HW DO  7KXV VWXG\LQJ
PRGHUDWRUV RI LQWHUYHQWLRQ HIIHFWV DVVRFLDWHG ZLWK WKH )&8 KDV WKH SRWHQWLDO WR DGYDQFH RXU
XQGHUVWDQGLQJRIZKREHQHILWVIURPWKH)&8DQGZKRFRXOGSRWHQWLDOO\EHQHILWPRUH
 'LIIHUHQWLDO(IIHFWV([SORULQJ0RGHUDWRUVRI(IIHFWLYHQHVV








.HQQ\ GHILQH DPRGHUDWRU DV ³DTXDOLWDWLYH HJ VH[ UDFHFODVVRUTXDQWLWDWLYH HJ





6(0 IUDPHZRUN WKURXJK PXOWLJURXS PRGHOLQJ ZKLFK LQYROYHV WHVWLQJ ZKHWKHU WKH VDPH
PRGHOILWVWKHGDWDLQDFRPSDUDEOHPDQQHUDPRQJGLIIHUHQWVXEJURXSV-RQVVRQ




GLIIHUHQWLDOO\ DVVRFLDWHG ZLWK UHVSRQVH EDVHG RQ JURXS DVVLJQPHQW 7KH LPSRUWDQW GLIIHUHQFH
EHWZHHQSUHGLFWRUVDQGPRGHUDWRUVLVLOOXVWUDWHGE\WKHIROORZLQJH[DPSOH6XSSRVHUHVHDUFKHUV




LQWHUYHQWLRQ ,I PDWHUQDO GHSUHVVLRQ SUHGLFWV SRRU RXWFRPHV LQ WKH LQWHUYHQWLRQ JURXS LW PD\




SURWHFWLQJ DJDLQVW D JUHDWHU GHFOLQH LQ SDUHQWLQJ DVVRFLDWHG ZLWK GHSUHVVLRQ 7HVWLQJ ZKHWKHU
WKHUH LV DQ LQWHUDFWLRQ EHWZHHQ LQWHUYHQWLRQ VWDWXV DQG GHSUHVVLRQ DQG KRZ WKLV LQIOXHQFHV
RXWFRPHVLVWKHUHIRUHDPRUHLQIRUPDWLYHZD\WRXQGHUVWDQGWKHLQIOXHQFHVRIDULVNYDULDEOH$
VLJQLILFDQW LQWHUDFWLRQ FRXOG LQGLFDWH JUHDWHU EHQHILWV LQ SDUHQWLQJ IRU GHSUHVVHG PRWKHUV
FRPSDUHG WR KRZ WKH\ ZRXOG IDUH LQ WKH FRQWURO JURXS DQG WR WKH EHQHILWV JDLQHG E\ QRQ
GHSUHVVHG PRWKHUV LQ WKH LQWHUYHQWLRQ JURXS $OWHUQDWLYHO\ D VLJQLILFDQW LQWHUDFWLRQ FRXOG
LQGLFDWHUHGXFHGHIIHFWLYHQHVVIRUGHSUHVVHGFRPSDUHGWRQRQGHSUHVVHGPRWKHUVLIWKH\VKRZHG





WKH LQWHUYHQWLRQ DQG FRQWURO JURXSV WKRVHZKRZHUH GHSUHVVHG KDGZRUVH SDUHQWLQJ RXWFRPHV
FRPSDUHG WR WKH QRQGHSUHVVHG PRWKHUV 7HVWLQJ DQ LQWHUDFWLRQ DQG ILQGLQJ D QRQVLJQLILFDQW
PRGHUDWLQJ HIIHFW EXW VLJQLILFDQWSUHGLFWRU HIIHFW SURYLGHVJUHDWHU LQIRUPDWLRQ WKDQDSUHGLFWRU
ILQGLQJ LQ D VWXG\ LQYROYLQJRQO\ D WUHDWPHQW JURXS2QO\E\ LQFOXGLQJ DQGFRPSDULQJ UHVXOWV









ORZHU HGXFDWLRQDO DWWDLQPHQW GHPRQVWUDWHG JUHDWHU EHQHILW WKDQ FKLOGUHQ RI VLQJOH SDUHQWV DQG
FKLOGUHQZKRVHSDUHQWVKDGJUHDWHUHGXFDWLRQUHVSHFWLYHO\2WKHUULVNYDULDEOHVH[SORUHGLQWKLV
VWXG\±SDUWQHUUHODWLRQVKLSTXDOLW\SDUHQWLQJGDLO\KDVVOHVPDWHUQDOGHSUHVVLRQVXEVWDQFHXVH
SUREOHPV WHHQ SDUHQW VWDWXV DQG FXPXODWLYH ULVN ± ZHUH QRW IRXQG WR PRGHUDWH LQWHUYHQWLRQ
HIIHFWLYHQHVV ,Q DGGLWLRQ VRPHZKDW VLPLODU WR WKH UHVHDUFK TXHVWLRQV IRU WKH FXUUHQW VWXG\
'LVKLRQ HW DO  DOOXGHG WR DQDO\VHV WKDWZHUH QRW IRUPDOO\ SUHVHQWHG LQ WKHLU SXEOLFDWLRQ
LQYROYLQJDJURZWKPL[WXUHDQDO\VLVLQZKLFKWZRJURXSVRQHZLWKKLJKSUREOHPEHKDYLRUDQG
RQH ZLWK ORZ SUREOHP EHKDYLRU ERWK RI ZKLFK ZHUH UHODWLYHO\ VWDEOH DFURVV WLPH ZHUH
LGHQWLILHG ,QWHUYHQWLRQ HIIHFWV ZHUH WKHQ H[DPLQHG ZLWKLQ HDFK JURXS 7KLV LQLWLDO DQDO\VLV
VXJJHVWHGWKDWWKHHIIHFWRILQWHUYHQWLRQZDVVWURQJHVWLQWKHKLJKSUREOHPVJURXSPHDQLQJWKHUH
ZDV D ODUJHUGLIIHUHQFH EHWZHHQ WUHDWPHQW DQGFRQWURO FRQGLWLRQV LQ WKDWJURXS+RZHYHU WKLV
DQDO\VLV ZDV UHVWULFWHG WR FKLOG &3 RXWFRPHV WKURXJK DJH  DQG GLG QRW IRUPDOO\ WHVW DQ
LQWHUDFWLRQHIIHFW1HLWKHUPRGHUDWLRQDQDO\VHVLQYROYLQJWKHIRUPDODVVHVVPHQWRIWUHDWPHQWE\
LQLWLDO OHYHO RI &3 LQWHUDFWLRQV QRU PXOWLJURXS VWUXFWXUDO HTXDWLRQ PRGHOV FRPSDULQJ HIIHFWV
DFURVVJURXSVRIFKLOGUHQ±VXFKDVWKRVHZLWKKLJKYHUVXVORZEDVHOLQH&3±KDYHEHHQFDUULHG
RXW IRU WKH)&8LQWHUYHQWLRQDQG IXUWKHUQRDQDO\VHVRQPRGHUDWRUVKDYHEHHQFDUULHGRXWRQ
RXWFRPHVEH\RQGDJHRUXVLQJWHDFKHUUHSRUWVRI&3)XUWKHUQRVWXGLHVKDYHHPSOR\HGJURXS
EDVHG WUDMHFWRU\PRGHOLQJ 1DJLQ WRH[DPLQH LIGHYHORSPHQWDO WUDMHFWRULHVRI&3GLIIHU














&KLOGUHQZLWK WKH KLJKHVW OHYHOV RI &3PD\ EH WKHPRVW LPSRUWDQW WDUJHWV IRU LQWHUYHQWLRQ WR
SUHYHQWORQJWHUPFRVWV$VQRWHGE\+DXWPDQQHWDOWKHUHDUHWZRRSSRVLQJK\SRWKHVHV
IRU KRZ EDVHOLQH VHYHULW\ FRXOG LQIOXHQFH LQWHUYHQWLRQ HIIHFWLYHQHVV *LYHQ WKH SRWHQWLDO IRU
VWDELOLW\RI&3WKRVHKLJKHUDWEDVHOLQHPLJKWEHPRUHGLIILFXOWWRWUHDWDQGUHVLVWDQWWRFKDQJH
&RQYHUVHO\FKLOGUHQZLWKKLJKHUEDVHOLQHOHYHOVRI&3KDYHWKHJUHDWHVWURRPIRUSURJUHVVDQG
PD\ GHPRQVWUDWH JUHDWHU FKDQJH ,Q OLQH ZLWK WKLV ODWWHU K\SRWKHVLV WKH WKHRU\ RI EHKDYLRUDO
FKDQJH SRVWXODWHV WKDW WKH GHJUHH RI PRWLYDWLRQ IRU FKDQJH LH DV LQGLFDWHG E\ SDUHQW¶V
GLIILFXOW\LQPDQDJLQJFKLOGEHKDYLRULVSRVLWLYHO\UHODWHGWRWKHOHYHORIFKDQJHOLNHO\WRRFFXU
0LOOHU	 5ROOQLFN  $Q XQGHUDSSUHFLDWHG DVSHFW RI SDUHQWLQJ LQWHUYHQWLRQV LV WKDW WKH
SDUHQWPXVWHQJDJHDQGZRUN WRFKDQJH WKHLURZQDQG WKHLUFKLOG¶VEHKDYLRU7KXVDSDUHQW¶V
HQJDJHPHQW DQG PRUH LPSRUWDQWO\ KHUKLV PRWLYDWLRQ WR FKDQJH DUH FULWLFDO IRU VXFFHVV
5HVHDUFKHUV KDYH WKHRUL]HG WKDW RQH RI WKH FHQWUDO FRPSRQHQWV RI PRWLYDWLRQ LQ SDUHQWLQJ
LQWHUYHQWLRQV IRU FKLOG&3 LV WKH SDUHQW¶V GHVLUH IRU FKLOG EHKDYLRUDO FKDQJH 1RFN	.D]GLQ
,QWKHFRQWH[WRILQLWLDOOHYHORIFKLOG&3SDUHQWVPLJKWEHOHVVPRWLYDWHGWRFKDQJHRUWR
HQJDJH LQ DQ LQWHUYHQWLRQ LI D FKLOG¶V EHKDYLRU LV DW D OHYHO WKDW LV ³WROHUDEOH´ HYHQ LI LW LV






$OWKRXJK RQO\ D OLPLWHG QXPEHU RI VWXGLHV RQ HIIHFWLYHQHVV RI SDUHQWLQJ LQWHUYHQWLRQV
KDYH HPSOR\HG IRUPDO WHVWV RI PRGHUDWLRQ %UHVWDQ 	 (\EHUJ  &RQGXFW 3UREOHPV
3UHYHQWLRQ5HVHDUFK*URXS &335*/DYLJQH HWDOD UHFHQW UHYLHZRIH[LVWLQJ
VWXGLHV6KHOOHE\	6KDZIRXQGWKDWLQVDPSOHVLQZKLFKQRWDOOFKLOGUHQZHUHFOLQLFDOO\
HOHYDWHGRQ LQLWLDO OHYHOVRI&3 WKHPRUHSUREOHPDWLFDFKLOG¶VEHKDYLRUZDVUDWHGDWEDVHOLQH
WKH JUHDWHU FKDQJH LQ SUREOHPEHKDYLRU RFFXUUHG &KDPEHUODLQ HW DO 0 -5HLG HW DO
6KDZHWDO7HLQ6DQGOHU0DF.LQQRQ	:ROFKLN%\FRQWUDVWLQVDPSOHV
LQZKLFKDOOFKLOGUHQZHUHFOLQLFDOO\HOHYDWHGLQLWLDOOHYHOVRISUREOHPEHKDYLRUGLGQRWPRGHUDWH
RXWFRPHV ZLWK DOO FKLOGUHQ EHQHILWWLQJ WR D VLPLODU H[WHQW *DUGQHU +XWFKLQJV %\ZDWHU 	
:KLWDNHU  /DYLJQH HW DO  7KHUHIRUH LW DSSHDUV WKDW WKH OLNHOLKRRG RI ILQGLQJ
VLJQLILFDQWPRGHUDWLRQLV WLHGWRFKDUDFWHULVWLFVRI WKHVDPSOHQDPHO\WKHRYHUDOO OHYHORIFKLOG
&3DWEDVHOLQH%H\RQGDFHUWDLQWKUHVKROGWKHUHPD\EHDFULWLFDOSRLQWDWZKLFKWKHDVVRFLDWLRQ
EHWZHHQKLJKHUULVNDQGJUHDWHULQWHUYHQWLRQEHQHILWLVQRORQJHUDSSDUHQW$VLPLODUSDWWHUQKDV
EHHQ GHPRQVWUDWHG LQPXOWLFRPSRQHQW LQWHUYHQWLRQV WKDW LQFOXGHG SDUHQWLQJ DV RQH HOHPHQW RI
LQWHUYHQWLRQ LQ DGGLWLRQ WR RWKHU FRPSRQHQWV VXFK DV FKLOG WUDLQLQJ WHDFKHU WUDLQLQJ 6HYHUDO
VWXGLHV IRXQGJUHDWHUEHQHILWV IRU WKRVH DW KLJKHUEDVHOLQH ULVN $XJXVW5HDOPXWR+HNWQHU	
%ORRPTXLVW &335*&335*&335* -%5HLG(GG\)HWURZ	
6WRROPLOOHU :ROFKLN HW DO :ROFKLN HW DO ZKLOHRWKHU VWXGLHV IRXQGQRQ
VLJQLILFDQWHIIHFWVVXFKWKDWWKHLQWHUYHQWLRQVZHUHHTXDOO\HIIHFWLYHUHJDUGOHVVRIEDVHOLQHOHYHO
RI SUREOHPEHKDYLRU LQFOXGLQJ VRPH VWXGLHV LQZKLFK DOO FKLOGUHQZHUH FOLQLFDOO\ HOHYDWHG RQ












$V LQFUHDVHG PRWLYDWLRQ WR FKDQJH LV OLNHO\ DVVRFLDWHG ZLWK OHYHO RI SDUWLFLSDWLRQ LQ DQ
LQWHUYHQWLRQ LW LV LPSRUWDQW WR H[SORUH ZKHWKHU OHYHO RI HQJDJHPHQW LV DVVRFLDWHG ZLWK
LQWHUYHQWLRQ HIIHFWLYHQHVV )RU SUHYHQWLYH LQWHUYHQWLRQV VXFK DV WKH )&8 WKDW DUH RIIHUHG WR
IDPLOLHVVHHQLQKHDOWKVHUYLFHVHWWLQJVZKRDUHQRWVHHNLQJWUHDWPHQWHQJDJHPHQWLQWKHSULPDU\
FRPSRQHQWV RI WKH LQWHUYHQWLRQ DQG LQ IROORZXS VHVVLRQV LV FULWLFDO IRU HYDOXDWLRQ RI WKH
LQWHUYHQWLRQ PRGHO 'LVKLRQ HW DO  ([SORULQJ HQJDJHPHQW LQ WKH )&8 FDQ KHOS WR
HOXFLGDWH ZKHWKHU ³KLJK HQJDJHUV´ DUH DWWDLQLQJ JUHDWHU EHQHILW WKDQ IDPLOLHV ZKR DUH OHVV
HQJDJHG 6XFK ILQGLQJV FRXOG DOVR LQIRUP HIIRUWV WR LQFUHDVH HQJDJHPHQW ZKLFK PLJKW EH
EHQHILFLDO LQ LQFUHDVLQJ FKDQJH LQFHUWDLQ IDPLOLHVZKRPD\QRW UHVSRQGDVZHOO2QH UHOHYDQW
VWXG\ FRQGXFWHG E\1RFN DQG.D]GLQ  IRXQG WKDW D EULHIPRWLYDWLRQDO HQKDQFHPHQW WR
307UHVXOWHG LQJUHDWHUPRWLYDWLRQIRU LQWHUYHQWLRQJUHDWHUDWWHQGDQFHDQGJUHDWHUDGKHUHQFH
$OWKRXJK WKH\ PHDVXUHG SDUWLFLSDWLRQ YDULDEOHV UDWKHU WKDQ RXWFRPHV LW VHHPV OLNHO\ WKDW
SDUWLFLSDWLRQ HQKDQFHPHQWV FRXOG DOVR OHDG WR JUHDWHU HIIHFWLYHQHVV RQ PDMRU RXWFRPHV RI




LPSRUWDQW DV WKH ILUVW VWHS WRD VXFFHVVIXO WUHDWPHQWZRXOGDUJXDEO\EHDWWHQGLQJ LW2QHSULRU
)&8 VWXG\ IRXQG WKDW HIIHFW VL]HV RQ SDUHQWUHSRUWHG RSSRVLWLRQDO EHKDYLRU DFURVV DJHV 
LQFUHDVHGDVD IXQFWLRQRIHQJDJHPHQW DV LQGH[HGE\ WKHQXPEHURI DQQXDO IHHGEDFNVHVVLRQV




7KH )&8 KDV EHHQ GHPRQVWUDWHG WR RSHUDWH RQ FKLOG &3 E\ PRGLI\LQJ SUR[LPDO IDPLO\ ULVN
IDFWRUV'LVKLRQHWDO6KDZHWDO7KHUHIRUHLQDGGLWLRQWRH[DPLQLQJPRGHUDWRUV
RI GLUHFW LQWHUYHQWLRQ HIIHFWV RQ FKLOG &3 DQG SDUHQWLQJ LW LV LPSRUWDQW WR H[SORUH ZKHWKHU
PRGHUDWRUV LQIOXHQFH WKHVH PHGLDWLQJ SDWKZD\V 0RGHUDWHG PHGLDWLRQ LV RQH W\SH RI
PHWKRGRORJ\ WKDW FDQEH HPSOR\HG WR DVVHVVZKHWKHUPHGLDWLQJPHFKDQLVPVDUHGLIIHUHQWLDOO\
LQIOXHQFHG E\ ULVN YDULDEOHV 0RGHUDWHG PHGLDWLRQ DQDO\VLV DOVR UHIHUUHG WR DV FRQGLWLRQDO
LQGLUHFWHIIHFWVDQDO\VLV3UHDFKHU5XFNHU	+D\HVFDQHOXFLGDWHLIDPHGLDWHGHIIHFWLV
ODUJHURURQO\DSSDUHQWZLWKLQD VXEJURXSRU LI WKH VL]HRI WKHPHGLDWHGHIIHFWFKDQJHV DV WKH
OHYHO RI WKHPRGHUDWRU FKDQJHV$ OLPLWHG QXPEHU RI VWXGLHV RQ SDUHQWLQJ LQWHUYHQWLRQ HIIHFWV
KDYHGHPRQVWUDWHGVLJQLILFDQWPRGHUDWLRQRIPHGLDWLRQDOPHFKDQLVPV VXFK WKDW WKHPHGLDWLRQ
HIIHFWVZHUH VWURQJHU IRU WKRVHDWKLJKHUEDVHOLQH ULVN)RUH[DPSOH&KDPEHUODLQHWDO 
IRXQGWKDWWKHLQGLUHFWHIIHFWRISDUHQWLQJLQWHUYHQWLRQRQFKLOG&3WKURXJKLQFUHDVHVLQSDUHQWDO
SRVLWLYH UHLQIRUFHPHQW ZDV VWURQJHU IRU FKLOGUHQ ZLWK KLJKHU EDVHOLQH &3 6LPLODUO\ =KRX
6DQGOHU 0LOOVDS :ROFKLN DQG 'DZVRQ0F&OXUH  IRXQG WKDW IRU KLJKHU ULVN FKLOGUHQ




UHGXFHG IDWKHU FRQWDFW DQG ILQDQFLDO KDUGVKLS WKH PHGLDWLRQDO HIIHFWV RI D PXOWLFRPSRQHQW
LQWHUYHQWLRQ WKDW LQFOXGHG SDUHQWLQJ RQ FKLOG RXWFRPHV HJ H[WHUQDOL]LQJ SUREOHPV
LQWHUQDOL]LQJ SUREOHPVPHQWDO GLVRUGHU V\PSWRPVZHUHPHGLDWHG WKURXJK FKDQJHV LQ SDUHQW
FKLOG UHODWLRQVKLS TXDOLW\ ,Q FRQWUDVW IRU WKH ORZ ULVN JURXS QHLWKHU WKH GLUHFW HIIHFW RI
LQWHUYHQWLRQ RQ FKLOG RXWFRPHV QRU WKH PHGLDWLRQDO HIIHFWV ZHUH VLJQLILFDQW ,Q D VLPLODU \HW
VOLJKWO\GLVWLQFWDQDO\VLVRIPHGLDWHGPRGHUDWLRQ LQYROYLQJ WKH VDPHVDPSOHDV WKH=KRXHWDO
VWXG\7HLQHWDOIRXQGWKDWIRUFKLOGUHQZLWKKLJKEDVHOLQH&3 WKHLQWHUYHQWLRQ
HIIHFW RQ&3ZDV SDUWLDOO\PHGLDWHG WKURXJK LPSURYHG SDUHQWLQJ QDPHO\ HIIHFWLYH GLVFLSOLQH
+RZHYHUIRUFKLOGUHQZLWKORZHUEDVHOLQH&3WKHUHZHUHQRGLUHFWRUPHGLDWLRQDOHIIHFWVRQ&3
7KH PRGHUDWHG PHGLDWLRQ DQDO\WLF DSSURDFK DSSOLHG WR WKH )&8 LQWHUYHQWLRQ FRXOG KHOS WR
HOXFLGDWH LI PHGLDWLRQDO SDWKZD\V DUH FRQWLQJHQW RQ PRGHUDWLQJ YDULDEOHV DQG ZKLFK SDWKV
VSHFLILFDOO\DUHPRGHUDWHGLQPRGHOVLQFOXGLQJPXOWLSOHSDWKZD\V
7KHWZRIDPLO\EDVHGPHGLDWLQJSDWKZD\VWKURXJKZKLFKWKH)&8KDVUHGXFHGFKLOG&3
DUH E\ LPSURYLQJ SRVLWLYH SDUHQWLQJ 'LVKLRQ HW DO  DQG LPSURYLQJPDWHUQDO GHSUHVVLRQ
6KDZHWDO'LVKLRQHWDOGHPRQVWUDWHGWKDWWKH)&8ZDVHIIHFWLYHLQLQFUHDVLQJ
SULPDU\ FDUHJLYHUV¶ OHYHO RI SRVLWLYH EHKDYLRU VXSSRUW 3%6 ZKLFK LV D FOXVWHU RI SRVLWLYH




6LPLODUO\PDWHUQDOGHSUHVVLRQKDV FRQVLVWHQWO\EHHQ VKRZQ WREH DVVRFLDWHGZLWK FKLOG
&3*RRGPDQ	*RWOLE*URVV6KDZ	0RLODQHQ'HSUHVVHGPRWKHUVKDYHEHHQ





*RRGPDQ 	 *RWOLE  /RYHMR\ *UDF]\N 2
+DUH 	 1HXPDQ  OHDGLQJ VRPH






LPSURYHPHQWV LQ PDWHUQDO GHSUHVVLRQ EURXJKW DERXW E\ WKH )&8 PHGLDWHG WKH DVVRFLDWLRQ
EHWZHHQWKHLQWHUYHQWLRQDQGUHGXFWLRQVLQFKLOG&3HYHQDIWHUDFFRXQWLQJIRUFKDQJHVLQSRVLWLYH
SDUHQWLQJ ,PSRUWDQWO\ WKH )&8 PLJKW WKHUHIRUH LPSURYH PDWHUQDO GHSUHVVLRQ E\ SURYLGLQJ
SDUHQWVZLWK WKHNQRZOHGJH WKDW WKHUH LV VRPHRQH LQ WKHFRPPXQLW\ DGYRFDWLQJDQGSURYLGLQJ
VXSSRUWIRUWKHPZDWFKLQJRXWIRUWKHPDQGLQWHUHVWHGLQKRZWKH\DQGWKHLUFKLOGUHQDUHGRLQJ
)XUWKHUDVUHVHDUFKKDVVKRZQELGLUHFWLRQDOHIIHFWVEHWZHHQPDWHUQDOGHSUHVVLRQDQG&3GXULQJ
HDUO\ FKLOGKRRG *URVV HW DO  SDUHQWV ZLWK HOHYDWHG GHSUHVVLYH V\PSWRPV ZKR KDYH
FKLOGUHQZLWKKLJKLQLWLDOOHYHOVRI&3PD\VHHWKHLUHQJDJHPHQWLQDSDUHQWLQJLQWHUYHQWLRQDVD












5HVHDUFK H[DPLQLQJ PRGHUDWRUV RI LQWHUYHQWLRQ HIIHFWLYHQHVV LV FULWLFDO WR SURYLGH D EHWWHU
XQGHUVWDQGLQJ DERXW IRUZKRP DQG XQGHUZKDW FRQGLWLRQV LQWHUYHQWLRQVPD\ EHPRVW RU OHDVW
HIIHFWLYH  $OWKRXJK SDUHQWLQJ LQWHUYHQWLRQV IRU FKLOG &3 KDYH GHPRQVWUDWHG UREXVW HIIHFWV LQ
LPSURYLQJSDUHQWLQJDQG UHGXFLQJ&3 VXFK LQWHUYHQWLRQVDUHQRW HIIHFWLYH IRU DOO FKLOGUHQ DQG
IDPLOLHV)XUWKHUUHVHDUFKLVQHHGHGWRH[DPLQHKRZWKRVHZKRPD\EHDWWKHPRVWHOHYDWHGULVN
DW EDVHOLQH VXFK DV FKLOGUHQ ZLWK WKH PRVW HOHYDWHG UDWHV RI &3 UHVSRQG WR SDUHQWLQJ
LQWHUYHQWLRQV ,Q DGGLWLRQ LW LV LPSRUWDQW WR H[SORUH ZKHWKHU WKH OHYHO RI HQJDJHPHQW LQ




LQWHUYHQWLRQV LV UHODWLYHO\ OLPLWHG  $GGLWLRQDO UHVHDUFK HPSOR\LQJ D PRGHUDWHG PHGLDWLRQ
DQDO\WLFDSSURDFKZRXOGDGYDQFHRXUXQGHUVWDQGLQJRIKRZLPSRUWDQWULVNYDULDEOHVRI LQWHUHVW
PD\GLIIHUHQWLDOO\LQIOXHQFHPHGLDWLQJSDWKZD\VLQYROYHGLQSDUHQWLQJLQWHUYHQWLRQVIRUFKLOG&3
WR SURYLGH D PRUH KROLVWLF SLFWXUH RI WKH ZD\V LQ ZKLFK ULVN IDFWRUV LQIOXHQFH LQWHUYHQWLRQ
HIIHFWLYHQHVV
7KH FXUUHQW UHVHDUFKZLOO H[DPLQH KRZ EDVHOLQH OHYHOV RI FKLOG &3PD\PRGHUDWH WKH







LPSURYHG PDWHUQDO GHSUHVVLRQ ± DUH PRGHUDWHG E\ EDVHOLQH FKLOG &3 $QDO\VHV ZLOO LQFOXGH
H[DPLQDWLRQ RI PRGHUDWLRQ RI SDUHQWLQJ DQG &3 RXWFRPHV DW HDFK LQGLYLGXDO WLPH SRLQW DQG
JURZWK FXUYH PRGHOLQJ WR H[SORUH JURZWK LQ PDWHUQDO GHSUHVVLRQ DV D PHGLDWRU JURZWK LQ
SDUHQWLQJDVDPHGLDWRUDQGDVDQRXWFRPHDQGJURZWKLQFKLOG&3DVDQRXWFRPHLQPRGHUDWLRQ
DQG PRGHUDWHG PHGLDWLRQ PRGHOV )XUWKHU JURXSEDVHG WUDMHFWRU\ PRGHOLQJ RI &3 ZLOO EH
XWLOL]HG WR H[SORUHKRZ LQWHUYHQWLRQ VWDWXV DQGEDVHOLQH&3PD\EH UHODWHG WR FKLOG&3DFURVV
WLPH7KHVWXG\ZLOODOVRH[DPLQHZKHWKHUWKHOHYHORIHQJDJHPHQWLQWKH)&8LVDVVRFLDWHGZLWK
WKHLQWHUYHQWLRQ¶VHIIHFWLYHQHVVRQUHGXFLQJSUREOHPDWLFSDUHQWLQJDFURVVFKLOGDJHVWKURXJK
DQGRQ UHGXFLQJ WKHSHUVLVWHQFHRIFKLOG&3DFURVVFKLOGDJHV WKURXJK7KLV ORQJLWXGLQDO
DQG H[SHULPHQWDO VWXG\ HPSOR\V D FRPELQDWLRQ RI REVHUYDWLRQDO DQG TXHVWLRQQDLUH PHDVXUHV




WKDW SDUHQWV RI FKLOGUHQZLWK KLJKHU EDVHOLQH&3ZLOO VKRZJUHDWHU LPSURYHPHQWV LQ SDUHQWLQJ
SRVLWLYHQHXWUDOEHKDYLRUIURPWKH)&8IURPFKLOGDJHVWKURXJK)XUWKHULWLVK\SRWKHVL]HG
WKDW FKLOGUHQZLWK KLJKHU EDVHOLQH&3ZLOO VKRZJUHDWHU UHGXFWLRQV LQ&3 IURP WKH)&8 IURP
DJHVWKURXJKWKDQWKRVHZLWKORZHUOHYHOVRIEDVHOLQH&3
+\SRWKHVLV E*URXSEDVHG WUDMHFWRULHV RI EHKDYLRUPRGHOHG RQ WKH IXOO VDPSOH ZLOO























ZKLFK WKH )&8 LV DVVRFLDWHG ZLWK UHGXFWLRQV LQ PDWHUQDO GHSUHVVLRQ ZKLFK LQ WXUQ DUH
DVVRFLDWHG ZLWK LPSURYHPHQWV LQ &3 ,W LV K\SRWKHVL]HG WKDW KLJKHU EDVHOLQH &3 ZLOO EH












PXOWLVLWH VWXG\ WKDW ZDV GHVLJQHG WR H[DPLQH WKH HIIHFWLYHQHVV RI D WDLORUHG IDPLO\EDVHG
LQWHUYHQWLRQ IRU FKLOGUHQ LGHQWLILHG DV DW ULVN IRU &3 RQ WKH EDVLV RI FKLOG IDPLO\ DQG





DVNHG WR SDUWLFLSDWH DQG VFUHHQHG WR HQVXUH WKDW WKH\PHW ULVN FULWHULD GHILQHG DV RQH VWDQGDUG
GHYLDWLRQRUPRUHDERYHQRUPDWLYHDYHUDJHVRQDWOHDVWWZRRIWKHIROORZLQJWKUHHGRPDLQVD
FKLOGEHKDYLRU FRQGXFWSUREOHPVKLJKFRQIOLFW UHODWLRQVKLSVZLWKDGXOWV E IDPLO\SUREOHPV
PDWHUQDO GHSUHVVLRQ GDLO\ SDUHQWLQJ FKDOOHQJHV VXEVWDQFH XVH SUREOHPV WHHQ SDUHQW VWDWXV
DQGFVRFLRGHPRJUDSKLFULVNORZHGXFDWLRQDODFKLHYHPHQWDQGORZIDPLO\LQFRPHXVLQJ:,&
FULWHULD 3DUWLFLSDQWV ZHUH IURP XUEDQ  IURP 3LWWVEXUJK 3$ UXUDO  IURP
&KDUORWWHVYLOOH 9$ DQG VXEXUEDQ  IURP (XJHQH25 ORFDWLRQV DQG UHSRUWV RI SULPDU\











FKLOGDJHVDQG3DUHQWV LHSULPDU\ FDUHJLYHUVZKRZHUHPRVWO\PRWKHUVDQG LI
DYDLODEOHDOWHUQDWLYHFDUHJLYHUVVXFKDVIDWKHUVRUJUDQGPRWKHUVZKRDJUHHGWRSDUWLFLSDWHLQWKH
VWXG\ DQGZHQW WKURXJK LQIRUPHG FRQVHQW SURFHGXUHV ZHUH VFKHGXOHG IRU DQQXDO KRPH YLVLWV
$VVHVVPHQW YLVLWV ZHUH LGHQWLFDO IRU FRQWURO DQG LQWHUYHQWLRQ JURXS SDUWLFLSDQWV DQG LQYROYHG
VWUXFWXUHG DQG XQVWUXFWXUHG SOD\ DFWLYLWLHV IRU WKH WDUJHW FKLOG ZLWK PRWKHUV DQG DOWHUQDWLYH
FDUHJLYHUVDQGVLEOLQJV(DFKDVVHVVPHQWEHJDQE\LQWURGXFLQJFKLOGUHQWRDQDVVRUWPHQWRIDJH
DSSURSULDWHWR\VDQGKDYLQJWKHPSOD\IRUPLQZKLOHWKHPRWKHUVFRPSOHWHGTXHVWLRQQDLUHV




















LQ WKH LQWHUYHQWLRQJURXSZHUH OHVV OLNHO\ WRSDUWLFLSDWH WKDQ IDPLOLHV LQ WKHFRQWUROJURXS S
IDPLOLHVZLWKORZHUDJHUDWLQJVRIPDWHUQDOGHSUHVVLRQZHUHOHVVOLNHO\WRSDUWLFLSDWHS
 IDPLOLHVZLWKKLJKHUDJH UDWLQJVRIFKLOGUHQ¶VH[WHUQDOL]LQJSUREOHPEHKDYLRUZHUH OHVV
OLNHO\WRSDUWLFLSDWHSDQGWKHUHZHUHVLJQLILFDQWGLIIHUHQFHVEDVHGRQVLWHZLWKIDPLOLHV
IURP (XJHQH PRUH OLNHO\ WR EH UHWDLQHG WKDQ IDPLOLHV IURP &KDUORWWHVYLOOH S   DQG
3LWWVEXUJKDWDWUHQGOHYHOS7KHUHFRQWLQXHGWREHQRVLJQLILFDQWGLIIHUHQFHVDWDJH
UHODWHG WRFKLOGUHQ¶V UDFHHWKQLFLW\RUJHQGHU ,QDGGLWLRQ DW WKHDJHDVVHVVPHQWRQO\ WKH
IROORZLQJ VHOHFWLYH DWWULWLRQ HIIHFW UHPDLQHG UHIOHFWLQJ WKH µFRPH DQG JR¶ EHKDYLRU RI
SDUWLFLSDWLQJ IDPLOLHV IDPLOLHV ZLWK KLJKHU DJH  UDWLQJV RI FKLOGUHQ¶V LQWHUQDOL]LQJ DQG









WKH 'ULQNHU¶V &KHFN8S 0LOOHU 	 5ROOQLFN  )ROORZLQJ GHYHORSPHQWDOO\EDVHG
DVVHVVPHQWVIRU LQWHUYHQWLRQDQGFRQWUROIDPLOLHV LQWHUYHQWLRQIDPLOLHVZHUHVFKHGXOHGWRPHHW
ZLWK D SDUHQW FRQVXOWDQW IRU DQ LQLWLDO FRQWDFWPHHWLQJ DQG D IHHGEDFN VHVVLRQ DQG IROORZXS
WUHDWPHQW VHVVLRQV W\SLFDOO\ IRFXVHG RQ SDUHQWLQJ 7R RSWLPL]H LQWHUQDO YDOLGLW\ E\ SUHYHQWLQJ
GLIIHUHQWLDO GURSRXW UDWHV LQ WKH LQWHUYHQWLRQ DQG FRQWURO JURXSV DJH  DVVHVVPHQWV ZHUH
FRPSOHWHG EHIRUH UDQGRP DVVLJQPHQW UHVXOWV ZHUH NQRZQ WR HLWKHU WKH UHVHDUFK VWDII RU WKH
IDPLO\ ,QWHUYHQWLRQ IDPLOLHV UHFHLYHG D  JLIW FHUWLILFDWH IRU FRPSOHWLQJ WKH )&8 DQG
IHHGEDFN
$IWHU WKH KRPH DVVHVVPHQW WKH VHFRQG YLVLW FDOOHG WKH ³JHW WR NQRZ \RX´ PHHWLQJ
FRQVLVWHG RI WKH SDUHQW FRQVXOWDQWPHHWLQJZLWK WKH FDUHJLYHUV DQG GLVFXVVLQJ WKHLU FRQFHUQV













'XULQJ HDFK DQQXDO KRPH DVVHVVPHQW D GHPRJUDSKLFV TXHVWLRQQDLUH ZDV DGPLQLVWHUHG WR
PRWKHUV LQFOXGLQJ TXHVWLRQV DERXW IDPLO\ VWUXFWXUH SDUHQWDO HGXFDWLRQ DQG LQFRPH SDUHQWDO
FULPLQDO KLVWRU\ DQG DUHDV RI IDPLOLDO VWUHVV 6HYHUDO GHPRJUDSKLF YDULDEOHV ZLOO EH XVHG DV
FRYDULDWHV IRU WKH FXUUHQW UHVHDUFK WR FRQWURO IRU WKHLU HIIHFWV LQFOXGLQJ DJH  IDPLO\ LQFRPH
UDFHHWKQLFLW\JHQGHUDQGSURMHFWVLWH$QQXDOLQFRPHZDVDVVHVVHGE\KDYLQJPRWKHUVLQGLFDWH
RQDVFDOHIURPWRWKHUDQJHLQZKLFKWKHLULQFRPHIHOO)RUH[DPSOH RUOHVV 
 WR      WR  DQG VR IRUWK7KH LQFRPHPHDVXUH GHULYHG IRU WKH
FXUUHQW VWXG\ZDV FUHDWHG E\ WDNLQJ WKHPLGSRLQW YDOXH RI HDFK UDQJH WR FUHDWH DQ LQGLYLGXDO
YDOXHIRUDQQXDOLQFRPHIRUHDFKIDPLO\DWDJH
&KLOGKRRGEHKDYLRUSUREOHPV
6HYHUDO GLIIHUHQW PHDVXUHV RI FKLOG &3 ZLOO EH XWLOL]HG IRU DQDO\VHV  )LUVW WKH &KLOG
%HKDYLRU &KHFNOLVW &%&/ IRU DJHV    $FKHQEDFK 	 5HVFRUOD  DQG DJHV  
$FKHQEDFK	5HVFRUOD  LV D TXHVWLRQQDLUH WKDW DVVHVVHV EHKDYLRU SUREOHPV LQ FKLOGUHQ
ZKLFKZDVDGPLQLVWHUHGWRPRWKHUVDWHDFKKRPHDVVHVVPHQW'DWDIURPWKHDJH
 DQG  DVVHVVPHQWVZLOO EH XVHG WR H[SORUH JURZWK LQ&3 DV DQ RXWFRPH7R JHQHUDWH D




UHOHYDQW LQGLYLGXDO LWHPV IURP WKH&%&/ZHUH FKRVHQ WKDWPDSSHGRQWR'60,9FULWHULD IRU
2SSRVLWLRQDO'HILDQW'LVRUGHU DQG DJJUHVVLYH LWHPV IURP&RQGXFW'LVRUGHU2QO\ WKH  LWHPV
WKDWZHUH FRQWLQXRXVO\SUHVHQWRQERWKYHUVLRQVRI WKH&%&/DFURVVDJHVZHUH LQFOXGHG7KLV
ZLOOVHUYHDVWKHSULPDU\RXWFRPHPHDVXUHRI&3IRUWKHFXUUHQWDQDO\VHV&RPSRVLWHYDULDEOHV
ZHUHFRPSXWHGE\VXPPLQJWKHYDOXHVIRUWKHVHLWHPVDWHDFKDVVHVVPHQWDQGDOSKDYDOXHVZHUH
EHWZHHQ  DQG  DW DOO DJHV 7KH IROORZLQJ LWHPV DUH LQFOXGHG LQ WKH FRPSRVLWH FUXHO WR
DQLPDOV GHVWUR\V RZQ WKLQJV GHVWUR\V RWKHUV¶ WKLQJV JHWV LQ PDQ\ ILJKWV SK\VLFDOO\ DWWDFNV
SHRSOHLVGHILDQWLVGLVREHGLHQWDQGKDVWHPSHUWDQWUXPV%HFDXVHWKHEURDGEDQGH[WHUQDOL]LQJ




VRPHRYHUODS LQ WKHEURDGEDQGH[WHUQDOL]LQJIDFWRUDQG WKHRSSRVLWLRQDODJJUHVVLYHIDFWRUEXW
ERWK ZHUH H[SORUHG WR DOORZ IRU H[DPLQDWLRQ RI JURZWK RYHU WLPH LQ WKH VDPH FRQVWUXFW
RSSRVLWLRQDODJJUHVVLYH EHKDYLRU DQG FRQVLVWHQF\ ZLWK SUHYLRXV VWXGLHV EURDGEDQG
H[WHUQDOL]LQJVFDOH
6HFRQG DQRWKHU HVWDEOLVKHGPHDVXUH RI FKLOG &3ZDV DOVR DGPLQLVWHUHG WRPRWKHUV DW










%RWKVFDOHVZLOOEHH[SORUHG LQ WKHFXUUHQWVWXG\6DPSOH LWHPV LQFOXGH³UHIXVHV WRREH\XQWLO
WKUHDWHQHGZLWKSXQLVKPHQW´DQG³JHWVDQJU\ZKHQGRHVQ¶WJHWKLVKHURZQZD\´$OSKDVUDQJHG
IURP  WR   7KLV PHDVXUH ZDV RQO\ XWLOL]HG IRU VHOHFWHG DQDO\VHV EHFDXVH LW ZDV QRW
FROOHFWHGDWWKHDJHVRUDVVHVVPHQWVWKHUHIRUHJURZWKLQWKLVFRQVWUXFWZDVQRWH[SORUHG
7KLUG WHDFKHU UHSRUWV IURP WKH 7HDFKHU 5HSRUW )RUP 75) $FKHQEDFK  ZHUH
FROOHFWHGDWFKLOGDJHVDQG$FRPSRVLWHVLPLODU WRWKDWFUHDWHGIRUSDUHQWUHSRUWHG
&%&/ GDWD ZDV FUHDWHG IRU WHDFKHUUHSRUWHG &3 E\ XVLQJ LWHPV WKDW PDSSHG RQWR '60,9
FULWHULD IRU 2SSRVLWLRQDO 'HILDQW 'LVRUGHU DQG &RQGXFW 'LVRUGHU WR SURYLGH DQ DGGLWLRQDO
PHDVXUHRIFKLOG&3RXWFRPHVIURPDGLIIHUHQW LQIRUPDQW7KH75)GRHVQRW LQFOXGH WKH LWHP
³FUXHOWRDQLPDOV´EXWGRHVLQFOXGHWKHLWHP³FUXHOW\EXOO\LQJRUPHDQQHVVWRRWKHUV´ZKLFKLV
FRQVLVWHQWZLWK'60,9GLDJQRVWLF FULWHULD IRU&RQGXFW'LVRUGHU 7KH RWKHU  LWHPV IURP WKH
SDUHQW UHSRUWDOVRDSSHDU LQ WKH WHDFKHU UHSRUW VRFRPSRVLWHVZHUHFUHDWHGZLWK WKHVH LWHPV
*URZWKLQWHDFKHUUHSRUWVRI&3DFURVVDJHVDQGLQDGGLWLRQWRFRPSRVLWHVRIVFRUHV
DFURVV DJHV ZLOO EH H[DPLQHG DV DQ DGGLWLRQDO RXWFRPH YDULDEOH %HFDXVH WHDFKHU UHSRUWV DUH
PHDVXUHGPXFK ODWHUGXULQJ WKHFRXUVHRI WKHVWXG\ WKHDJHPHDVXUHVRISDUHQWUHSRUWHG&3
ZLOOVHUYHDVWKH³EDVHOLQH&3´PRGHUDWRUIRUDQDO\VHVLQYROYLQJWHDFKHUUHSRUWHG&3WRH[DPLQH












\HDU ZLWK D LWHP YHUVLRQ IRU \RXQJHU FKLOGUHQ XVHG LQ WKH FXUUHQW VWXG\ DW DJH  WKDW
H[FOXGHVDJHLQDSSURSULDWHEHKDYLRUHJLQWUDYHQRXVGUXJXVHVH[XDODVVDXOW8VLQJDSRLQW
UDWLQJ VFDOH  QHYHU  RQFHWZLFH  PRUHRIWHQ \RXWKV UDWH WKH H[WHQW WRZKLFK WKH\
HQJDJHGLQGLIIHUHQWW\SHVRIDQWLVRFLDODFWLYLWLHVHJVWHDOLQJWKURZLQJURFNVDWSHRSOHJHWWLQJ
LQWRILJKWV$VXPPDU\VFRUHZDVFUHDWHGE\VXPPLQJDOO LWHPVZKLFKKDGDQDOSKDRI
$JDLQ EHFDXVH WKH65'ZDVRQO\XWLOL]HG IRU VHOHFWHG DQDO\VHV DQGZDVRQO\ DGPLQLVWHUHG WR
FKLOGUHQDWWKHDJHDVVHVVPHQWJURZWKLQWKLVFRQVWUXFWZDVQRWH[SORUHG
0DWHUQDOSRVLWLYHQHXWUDOEHKDYLRU
2EVHUYHG PDWHUQDO SRVLWLYH DQG QHXWUDO EHKDYLRU ZLOO VHUYH DV WKH FXUUHQW VWXG\¶V SULPDU\
PHDVXUHRISDUHQWLQJEHKDYLRUDVDPHGLDWRUDQGRXWFRPHRILQWHUYHQWLRQHIIHFWLYHQHVV3RVLWLYH
DQGQHXWUDOEHKDYLRUZDVPHDVXUHGDWWKHDJHVDQGKRPHDVVHVVPHQWVDQGZDVGHULYHG
IURPPLQXWHVRIREVHUYDWLRQDOGDWD LQFOXGLQJFRGLQJRIDOO WDVNV WKDWRFFXUUHGDW WKHKRPH
DVVHVVPHQW DW HDFK DJH XVLQJ VWDWHVSDFH JULGPHWKRGV7KH UHJLRQVRIERWKPDWHUQDOSRVLWLYH
EHKDYLRUDQGQHXWUDOEHKDYLRUZHUHVXPPHGDQGLQFOXGHWKHIROORZLQJEHKDYLRUDODQGDIIHFWLYH
LQGLFDWRUV SRVLWLYHYHUEDORUSRVLWLYH VWUXFWXUH SRVLWLYHSK\VLFDO SRVLWLYH DIIHFW RUYDOLGDWLRQ


















PRGHUDWH WKH HIIHFWLYHQHVV RI WKH )&8 LQWHUYHQWLRQ RQ LPSURYLQJ SDUHQWLQJ DQG UHGXFLQJ WKH
SHUVLVWHQFH RI FKLOG&3 WR H[SORUHZKHWKHU WKH OHYHO RI HQJDJHPHQW LQ WKH)&8 LV DVVRFLDWHG
ZLWK WKH LQWHUYHQWLRQ¶V HIIHFWLYHQHVV RQ LPSURYLQJ SDUHQWLQJ DQG UHGXFLQJ WKH SHUVLVWHQFH RI
FKLOG&3DQGWRH[DPLQHZKHWKHUPHGLDWLRQDOSDWKZD\VWKURXJKZKLFKWKH)&8KDVEHHQVKRZQ
WR UHGXFH FKLOG &3 ± WKURXJK LPSURYHG SDUHQWLQJ DQG LPSURYHG PDWHUQDO GHSUHVVLRQ ± DUH




GLIIHUHQFHV LQ LQWHUYHQWLRQ HIIHFWLYHQHVV IRU WKRVH DW KLJK DQG ORZ LQLWLDO OHYHOV RI &3 RQ WKH
RXWFRPHV RI &3 DQG SDUHQWLQJ DW HDFK LQGLYLGXDO WLPH SRLQW DQG JURZWK LQ FKLOG &3 DQG
SDUHQWLQJEHKDYLRUVDFURVVWLPHXWLOL]LQJDQLQWHQWWRWUHDWGHVLJQ6HPLSDUDPHWULFJURXSEDVHG
WUDMHFWRU\ PRGHOLQJ DOVR ZDV XWLOL]HG WR H[SORUH ZKHWKHU FKLOGUHQ ZLWK KLJK LQLWLDO &3 LQ WKH
LQWHUYHQWLRQZRXOGEHPRUHOLNHO\WRGHPRQVWUDWHDKLJKGHVLVWDQWSDWWHUQRIEHKDYLRUFRPSDUHG
WR FKLOGUHQZLWKKLJK LQLWLDO&3 LQ WKH FRQWURO JURXSZKRZHUH H[SHFWHG WREHPRUH OLNHO\ WR
GHPRQVWUDWH D KLJK SHUVLVWHQW SDWWHUQ RI EHKDYLRU $QDO\VHV H[SORULQJ ZKHWKHU JUHDWHU
HQJDJHPHQWLQWKH)&8LVDVVRFLDWHGZLWKLQWHUYHQWLRQHIIHFWLYHQHVVZHUHIRFXVHGRQLGHQWLI\LQJ
GLIIHUHQFHV LQ LQWHUYHQWLRQ HIIHFWLYHQHVV IRU WKRVHZLWKKLJKHUYHUVXV ORZHU HQJDJHPHQW LQ WKH
)&8RQWKHRXWFRPHVRI&3DQGSDUHQWLQJDWHDFKLQGLYLGXDOWLPHSRLQW0RGHUDWHGPHGLDWLRQ









$V D SUHOLPLQDU\ DQDO\WLF VWHS WR H[DPLQH WKH VSHFLILF WLPH SRLQWV DW ZKLFK VLJQLILFDQW
GLIIHUHQFHVLQSRVLWLYHQHXWUDOEHKDYLRUDQG&3ZHUHGHPRQVWUDWHGIRUWKRVHLQWKH)&8YHUVXV
FRQWURO JURXS LQGHSHQGHQW VDPSOHV WWHVWV ZHUH FRQGXFWHG FRPSDULQJ  PHDQ OHYHOV RI
SRVLWLYHQHXWUDO EHKDYLRU EHWZHHQ WKH )&8 DQG FRQWURO JURXS DW HDFK DJH LH DW DJH  WR
HVWDEOLVK WKDW UDQGRPL]DWLRQ ZRUNHG DQG DW DJHV   DQG  WR H[DPLQH SRVWLQWHUYHQWLRQ
GLIIHUHQFHVDQGPHDQOHYHOVRI&3EHWZHHQWKH)&8DQGFRQWUROJURXSDWHDFKDJHLHDW
DJH WRHVWDEOLVK WKDW UDQGRPL]DWLRQZRUNHGDQGDWDJHV DQG WRH[DPLQH
SRVWLQWHUYHQWLRQGLIIHUHQFHV)XUWKHUDPHDQVFRUHRISRVLWLYHQHXWUDOEHKDYLRUDFURVVDJHVWR
ZDV FRPSXWHG DQG DQ DGGLWLRQDO LQGHSHQGHQW VDPSOHV WWHVWZDV FRPSXWHG WR H[DPLQH)&8
















RYHU WLPH LQ WKH VDPH FRQVWUXFW RSSRVLWLRQDODJJUHVVLYH EHKDYLRU DQG WR SURYLGH FRQVLVWHQF\
ZLWK RXWFRPHV PHDVXUHG LQ SUHYLRXV VWXGLHV H[WHUQDOL]LQJ VFDOH 5HVXOWV RQ WKH YDULRXV
PHDVXUHVRI&3DUHUHSRUWHGEHORZ
2SSRVLWLRQDODJJUHVVLYH EHKDYLRU 5HVXOWV RI LQGHSHQGHQW VDPSOHV WWHVWV H[SORULQJ




([WHUQDOL]LQJ V\QGURPH5HVXOWV RI LQGHSHQGHQW VDPSOHV WWHVWV H[SORULQJ LQWHUYHQWLRQ





LQWHUYHQWLRQJURXSFRPSDUHG WR WKH FRQWURO JURXS 'LIIHUHQFHV DW DOO RWKHU DJHV DQG IRUPHDQ
EHKDYLRUDFURVVDJHVWRZHUHQRWVLJQLILFDQW







FRQWURO JURXSV¶ OHYHOV RI &3 DFURVV WLPH GHPRQVWUDWHG D VLJQLILFDQW GLIIHUHQFH LQ WKH (\EHUJ




LQWHUYHQWLRQ DQG FRQWURO JURXSV¶ OHYHOV RI &3 DFURVV WLPH GHPRQVWUDWHG QRQVLJQLILFDQW
GLIIHUHQFHV LQ WKH WHDFKHUUHSRUWHGRSSRVLWLRQDODJJUHVVLYHEHKDYLRU IDFWRUDWHYHU\DJHDQGIRU
PHDQEHKDYLRUDFURVVDJHVWR










7R VXPPDUL]H WKHUH ZDV D VLJQLILFDQW JURXS GLIIHUHQFH LQ PDWHUQDO SRVLWLYHQHXWUDO
EHKDYLRUDWDJHDQGIRUWKHPHDQDFURVVDJHVDQGVXFKWKDWWKRVHLQWKHLQWHUYHQWLRQKDG
D KLJKHU PHDQ VFRUH 7KH PRVW FRQVLVWHQW GLIIHUHQFH LQ FKLOG &3 ZDV IRXQG DW DJH  ZLWK



















JURXSZDVGHILQHGDV ORZRQEDVHOLQH&3HJ VFRULQJEHORZ 7KH LQWHUDFWLRQ WHUPZDV
FUHDWHGE\PXOWLSO\LQJ WKHGLFKRWRPRXVEDVHOLQH&3YDULDEOHE\ LQWHUYHQWLRQJURXSVWDWXV)RU
WKH FRQWLQXRXV &3 YDULDEOH DQDO\VLV DQ LQWHUDFWLRQ WHUP ZDV JHQHUDWHG E\ PXOWLSO\LQJ
LQWHUYHQWLRQ JURXS VWDWXV E\ WKH FRQWLQXRXV PHDVXUH RI LQLWLDO OHYHO RI &3 6LJQLILFDQW
LQWHUDFWLRQV ZHUH SUREHG XVLQJ VRIWZDUH EDVHG RQ SURFHGXUHV RXWOLQHG E\ $LNHQ DQG :HVW
'DZVRQDQG'DZVRQDQG5LFKWHU
)RUPRWKHU SRVLWLYHQHXWUDO EHKDYLRU RXWFRPHV VL[ UHJUHVVLRQ DQDO\VHVZHUH FRPSXWHG





%    S   GHSLFWHG LQ )LJXUH  &RQWUDU\ WR WKH K\SRWKHVLV LQWHUYHQWLRQ JURXS






LH RQH GLFKRWRPRXV DQG RQH FRQWLQXRXV DQDO\VLV IRU HDFK RXWFRPH ZLWK D WRWDO RI 
UHJUHVVLRQDQDO\VHVDFURVVDOO&3RXWFRPHVWRH[DPLQHWKHHIIHFWVRIWKH)&8EDVHOLQH&3DQG
WKHLQWHUDFWLRQWHUPEHWZHHQWKH)&8DQGEDVHOLQH&3RQWKHRXWFRPHVRI&3DWDJH




EHKDYLRU WKHUH ZHUH QR VLJQLILFDQW LQWHUDFWLRQV EHWZHHQ LQWHUYHQWLRQ VWDWXV DQG EDVHOLQH &3
HLWKHUGLFKRWRPRXVO\RUFRQWLQXRXVO\VFRUHGRQRSSRVLWLRQDODJJUHVVLYHEHKDYLRUDWDJH
  RU   )RU SDUHQWUHSRUWHG FKLOG H[WHUQDOL]LQJ EHKDYLRU WKHUH ZDV RQH VLJQLILFDQW
LQWHUDFWLRQ IRU H[WHUQDOL]LQJ DW DJH  FRQWLQXRXVO\ VFRUHG EDVHOLQH &3 LQWHUDFWHG ZLWK
LQWHUYHQWLRQVWDWXVWRVLJQLILFDQWO\SUHGLFWH[WHUQDOL]LQJDWDJH% SGHSLFWHG








&3 DQG GLFKRWRPRXVO\ VFRUHG EDVHOLQH &3 LQWHUDFWHG ZLWK LQWHUYHQWLRQ VWDWXV WR VLJQLILFDQWO\
SUHGLFW SUREOHP VFRUHV DW DJH  %    S   IRU FRQWLQXRXV %    S   IRU
GLFKRWRPRXVGHSLFWHGLQ)LJXUHVDQGUHVSHFWLYHO\&RQWUDU\WRWKHK\SRWKHVLVLQWHUYHQWLRQ
JURXS GLIIHUHQFHV ZHUH HYLGHQW IRU FKLOGUHQZLWK ORZ EDVHOLQH &3 EXW QRW FKLOGUHQZLWK KLJK
EDVHOLQH&36SHFLILFDOO\WKRVHZLWKORZHUEDVHOLQH&3FRQWLQXRXVO\VFRUHGLQWKHLQWHUYHQWLRQ
JURXSKDGORZHUDJHSUREOHPVFRUHVFRPSDUHGWRWKRVHLQWKHFRQWUROJURXSDQGFKLOGUHQZLWK
KLJKHU EDVHOLQH &3 GHSLFWHG LQ )LJXUH   6LPLODUO\ WKRVH ZLWK ORZHU EDVHOLQH &3
GLFKRWRPRXVO\VFRUHGLQWKHLQWHUYHQWLRQJURXSVKRZHGORZHUDJHSUREOHPVFRUHVFRPSDUHG





ORZHU DJH  SUREOHP VFRUHV FRPSDUHG WR WKRVH LQ WKH FRQWURO JURXS DQG FKLOGUHQZLWK KLJKHU
EDVHOLQH&3)LJXUH
 )RU WHDFKHUUHSRUWHG RXWFRPHV DQG FKLOG VHOIUHSRUWV RI &3 WKHUH ZHUH QR
VLJQLILFDQW LQWHUDFWLRQV EHWZHHQ LQWHUYHQWLRQ VWDWXV DQG EDVHOLQH &3 HLWKHU GLFKRWRPRXVO\ RU





KLJKHU EDVHOLQH&3 LQ WKH LQWHUYHQWLRQ JURXSZRXOG KDYH ORZHU&3 DW RXWFRPHV HJ DJH 
















HQWHUHG )RU PDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU RXWFRPHV IRXU UHJUHVVLRQ DQDO\VHV ZHUH
FRPSXWHG LH WZR IRU WKH GLFKRWRPRXV&3 YDULDEOH DQDO\VLV DQG WZR IRU WKH FRQWLQXRXV&3
YDULDEOH DQDO\VLV WR H[DPLQH WKH HIIHFW RI WKH )&8 WKH SUHYLRXV DVVHVVPHQW RI &3 DQG WKH





LH RQH GLFKRWRPRXV DQG RQH FRQWLQXRXV DQDO\VLV IRU HDFK RXWFRPH ZLWK D WRWDO RI 





)LJXUH  VXFK WKDW WKRVHZLWK ORZHU DJH &3 LQ WKH FRQWURO JURXS KDG ORZHU H[WHUQDOL]LQJ
VFRUHVWKDQWKRVHLQWKHLQWHUYHQWLRQJURXS)RUWHDFKHUUHSRUWHGH[WHUQDOL]LQJDWDJH)LJXUH
 WKRVH ZLWK KLJKHU DJH  &3 LQ WKH LQWHUYHQWLRQ JURXS GHPRQVWUDWHG ORZHU DJH 
H[WHUQDOL]LQJEHKDYLRUDVFRPSDUHGWRFKLOGUHQZLWKKLJKDJH&3LQWKHFRQWUROJURXS
 +\SRWKHVLVD6WUXFWXUDOHTXDWLRQPRGHOV





0/5 LQ0SOXV  0XWKpQ 	0XWKpQ  0/5 LV UREXVW WR QRQQRUPDOLW\ DQG





LQ PRGHOV H[DPLQLQJ &3 DV DQ RXWFRPH /DWHQW JURZWK FXUYH PRGHOLQJ 0XWKpQ 	0XWKpQ
ZDV HPSOR\HG WR H[DPLQH JURZWK LQ SRVLWLYHQHXWUDO EHKDYLRU DQG FKLOGUHQ¶V &3
XVLQJVHSDUDWHJURZWKFXUYHPRGHOV IRUPDWHUQDO SRVLWLYHQHXWUDOEHKDYLRU DFURVVDJHV
DQGDQGFKLOG&3DVUHSRUWHGE\PRWKHUVIURPDJHVDQGDQGDVUHSRUWHG
E\WHDFKHUVIURPDJHVDQG7KHRYHUDOOPRGHOILWRIHDFKPRGHOZDVDVVHVVHGXVLQJ
VHYHUDO ILW LQGLFHV VXFK DV &KLVTXDUH JRRGQHVV RI ILW LQGH[ 506($ DQG &), %HFDXVH WKH







DQG WKH ILW LQGLFHVZHUH DV IROORZV Ȥð GI  S  &),  7/, 
506($ 6505 &RQVLVWHQWZLWKSULRUUHVHDUFKRQJURZWKLQRYHUW&36KDZHW
DOWKHRYHUDOOSDWWHUQVXJJHVWVDVLJQLILFDQWGHFUHDVHLQRSSRVLWLRQDODJJUHVVLYHEHKDYLRU




LQVSHFWLRQ VXJJHVWLQJ WKLV RFFXUV DIWHU DJH   $V TXDGUDWLF DQG OLQHDU IDFWRUV DUH WR VRPH




  S &), 7/, 506($ 6505 ,QWKLVPRGHO
GHSLFWHG LQ)LJXUH  WKHUHZDV D VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ LQWHUYHQWLRQ JURXS DQG WKH
OLQHDUVORSHVXFKWKDWWKRVHLQWKHLQWHUYHQWLRQJURXSGHPRQVWUDWHGJUHDWHUGHFUHDVHVLQ&3RYHU
WLPH %    S    7KHUH ZDV DOVR D VLJQLILFDQW SRVLWLYH DVVRFLDWLRQ EHWZHHQ
LQWHUYHQWLRQ JURXS DQG WKH TXDGUDWLF VORSH %    S   DOWKRXJK WKLV VKRXOG EH
LQWHUSUHWHGZLWKFDXWLRQDVWKHTXDGUDWLFLVGHSHQGHQWRQWKHOLQHDUVORSHEHFDXVHRIVFDOLQJ
,QLWLDO OHYHO RI &3 DV D PRGHUDWRU RI WKH SDWK EHWZHHQ LQWHUYHQWLRQ DQG JURZWK ZDV
H[SORUHG ERWK FRQWLQXRXVO\ DQG GLFKRWRPRXVO\ )RU WKH FRQWLQXRXV &3 YDULDEOH DQDO\VLV DQ
LQWHUDFWLRQWHUPZDVFUHDWHGE\PXOWLSO\LQJEDVHOLQH(&%,LQWHQVLW\VFRUHVE\LQWHUYHQWLRQJURXS
VWDWXV  7KHPRGHO LQFOXGLQJ WKLV LQWHUDFWLRQ WHUP SURYLGHG JRRG ILW WR WKH GDWD Ȥð GI   
S &), 7/, 506($ 6505 ,QWKLVPRGHOWKH
LQWHUDFWLRQ WHUP ZDV QRW VLJQLILFDQWO\ DVVRFLDWHG ZLWK WKH VORSH RI RSSRVLWLRQDODJJUHVVLYH
EHKDYLRU% S 








JURXSVDV WKLV UHSUHVHQWV WKHPRVWSDUVLPRQLRXVPRGHO1H[WSDWKVZHUHLQGLYLGXDOO\ IUHHGWR
YDU\ DFURVV JURXSV DQG FKLVTXDUH GLIIHUHQFH WHVWV ZHUH FRQGXFWHG WR GHWHUPLQH ZKHWKHU WKH
SDWKVVKRXOGEHFRQVLGHUHGLQYDULDQWDFURVVJURXSVRUZKHWKHUWKH\VLJQLILFDQWO\GLIIHUDQGWKXV
VKRXOG EH IUHHG  7KHVH UHVXOWV DUH SUHVHQWHG ILUVW  $ OHVV FRQVHUYDWLYH DSSURDFK ZKLFK LV
FRPPRQO\XVHGHVWDEOLVKHVVWURQJLQYDULDQFHHJVDPHIDFWRUORDGLQJVFRQVWUDLQHGDFURVVWKH
JURXSV DQG LQWHUFHSWV RI REVHUYHG YDULDEOHV FRQVWUDLQHG WR HTXDOLW\ EXW WKHQ DOORZV DOO RWKHU
SDUDPHWHUVWREHIUHHO\HVWLPDWHGDFURVVJURXSV7KHSDWKVRIPRVWLQWHUHVWDUHWKHQH[DPLQHG
RQH DW D WLPH WR GHWHUPLQH LI WKH\ VKRXOG EH FRQVWUDLQHG WR HTXDOLW\ DFURVV JURXSV RU LI WKH\
VLJQLILFDQWO\GLIIHUDQGWKXVVKRXOGEHIUHHWRYDU\DFURVVJURXSV7KH6DWRUUD%HQWOHUVFDOHGFKL
VTXDUHGLIIHUHQFH WHVW 6DWRUUDZDVXVHG WRH[DPLQHGLIIHUHQFHV7KLV WHVW LVDSSURSULDWH
ZKHQ0/5 HVWLPDWLRQ LV XWLOL]HG WR DFFRXQW IRU QRQQRUPDOLW\ DV LW GLYLGHV WKH QRUPDO FKL
VTXDUHVWDWLVWLFE\DVFDOLQJFRUUHFWLRQIDFWRUWRDFFRXQWIRUQRQQRUPDOLW\0XWKpQ	0XWKpQ

&KLOG RSSRVLWLRQDODJJUHVVLYH EHKDYLRU 5HVXOWV IURP WKH ILUVW PXOWLJURXS PRGHO
PRUHFRQVHUYDWLYHSURYLGHGJRRGILWWRWKHGDWDȤðGI  S &), 
7/, 506($ 6505 VHH)LJXUH%DVHGRQSUHOLPLQDU\WHVWVH[DPLQLQJ
GLIIHUHQFHVEHWZHHQUHVLGXDOYDULDQFHRIWKHLQGLFDWRUVLHPHDVXUHVRIRSSRVLWLRQDODJJUHVVLYH
EHKDYLRU DW HDFK DJH IRU WKH JURZWK PRGHO VXJJHVWLQJ WKH\ GLIIHUHG DFURVV JURXSV WKHVH
SDUDPHWHUVZHUHDOORZHG WRYDU\IUHHO\DFURVVJURXSV7KHVHULHVRI6DWRUUD%HQWOHUFKLVTXDUH









 VORSH %    FRPSDUHG WR WKH ORZ JURXS LQWHUFHSW %    VORSH %   
&RQWUDU\ WR K\SRWKHVHV WKH DVVRFLDWLRQ EHWZHHQ LQWHUYHQWLRQ VWDWXV DQG JURZWK LQ
RSSRVLWLRQDODJJUHVVLYHEHKDYLRUGLGQRWGLIIHUEHWZHHQWKHWZRJURXSVDQGWKLVDVVRFLDWLRQZDV
RQO\ VLJQLILFDQW DW D WUHQG OHYHO %  S   LQ FRQWUDVW WR WKH IXOOJURXSPRGHO LQ
ZKLFKLWZDVVLJQLILFDQW
 ,Q WKH VHFRQG PXOWLJURXS PRGHO OHVV FRQVHUYDWLYH WKH UHVXOWV GLIIHUHG 7KLV
PRGHOSURYLGHGDGHTXDWH ILW WR WKHGDWDȤð GI  S  &), 7/, 
506($  6505   VHH)LJXUH :LWK WKH H[FHSWLRQRI FRQVWUDLQLQJ WKH
IDFWRUORDGLQJVDQGLQWHUFHSWVRIREVHUYHGYDULDEOHVDFURVVWKHWZRJURXSVDOORWKHUSDUDPHWHUV
ZHUH DOORZHG WRYDU\ IUHHO\3DUDPHWHUVRI LQWHUHVW HJ DVVRFLDWLRQEHWZHHQ LQWHUYHQWLRQ DQG
OLQHDU VORSH DQG LQWHUYHQWLRQ DQG TXDGUDWLF VORSH ZHUH WKHQ WHVWHG LQGLYLGXDOO\ WR GHWHUPLQH
ZKHWKHU WKH\ VLJQLILFDQWO\ GLIIHUHG DFURVV JURXSV ,Q WKLV PRGHO WKH DVVRFLDWLRQ EHWZHHQ
LQWHUYHQWLRQDQGWKHOLQHDUVORSHVLJQLILFDQWO\GLIIHUHGS  VXFKWKDWWKHLQWHUYHQWLRQZDV
DVVRFLDWHGZLWKGHFUHDVLQJJURZWKLQRSSRVLWLRQDODJJUHVVLYHEHKDYLRUIRUWKHKLJKJURXSRQO\%
 S ZKHUHDVWKLVDVVRFLDWLRQZDVQRWVLJQLILFDQWLQWKHORZJURXS% S
    6LPLODUO\ WKHUH ZDV D WUHQG OHYHO GLIIHUHQFH S    EHWZHHQ WKH JURXSV IRU WKH
DVVRFLDWLRQ EHWZHHQ WKH LQWHUYHQWLRQ DQG TXDGUDWLF VORSH VXFK WKDW WKH LQWHUYHQWLRQ ZDV







K\SRWKHVLV WKDW EDVHOLQH &3 ZRXOG PRGHUDWH WKH )&8 LQWHUYHQWLRQ HIIHFW RQ JURZWK LQ &3
KRZHYHU ILQGLQJV IURP WKH OHVV FRQVHUYDWLYH PXOWLJURXS PRGHO ZHUH LQ OLQH ZLWK WKLV
K\SRWKHVLVVXFKWKDWWKHHIIHFWRIWKHLQWHUYHQWLRQRQJURZWKLQ&3ZDVRQO\VLJQLILFDQWIRUWKH
KLJKJURXS
 *URZWK LQ WHDFKHUUHSRUWHG RSSRVLWLRQDODJJUHVVLYH EHKDYLRU ZDV DOVR




XQLTXHYDULDQFHRI WKLV LQGLFDWRUZDV VHW WR]HUR7KH ILW LQGLFHVZHUHDV IROORZVȤð GI  
 S    &),    7/,    506($    6505    ,W LV RIWHQ
UHFRPPHQGHG QRW WR SXUVXH IXUWKHU DQDO\VHV LQPRGHOV LQZKLFK WKHUH LV QR YDULDELOLW\ LQ WKH
VORSHIDFWRUPHDQRUYDULDQFHZLWKZKLFKWRSUHGLFWZLWKLQWHUYHQWLRQVWDWXVRURWKHUFRYDULDWHV
RI LQWHUHVW  +RZHYHU ZLWK WKH DGGLWLRQ RI FRYDULDWHV WKHUH LV KLJKHU SRZHU WR GHWHFW VORSH
YDULDELOLW\0XWKpQ	0XWKpQ7KHUHIRUHIROORZXSDQDO\VHVZHUHFRQGXFWHGIRU
WKHSXUSRVHVRI WKHFXUUHQW VWXG\ 7KH IXOOPRGHO LQFOXGLQJFRYDULDWHV DQG LQWHUYHQWLRQVWDWXV
ZDVFRPSXWHGRQWKHIXOOVDPSOH7KLVPRGHOGHSLFWHGLQ)LJXUHSURYLGHGDGHTXDWHILWWR









506($    6505     ,Q WKLV PRGHO WKH LQWHUDFWLRQ WHUP ZDV QRW VLJQLILFDQWO\
DVVRFLDWHGZLWKWKHVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU% S 6LPLODUO\
WKHPRGHO LQYHVWLJDWLQJDQLQWHUDFWLRQWHUPFUHDWHGE\PXOWLSO\LQJDJH(&%,LQWHQVLW\VFRUHV
E\ LQWHUYHQWLRQJURXSVWDWXVSURYLGHGJRRG ILW WR WKHGDWD Ȥð GI  S  &), 
7/, 506($ 6505 ,QWKLVPRGHOWKHLQWHUDFWLRQWHUPZDVQRW







*URZWKPRGHO IRU REVHUYHGPDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU$V D ILUVW VWHS DQ
XQFRQGLWLRQDO JURZWK FXUYHPRGHO IRUPDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU DFURVV DJHV ZDV
FRPSXWHG7KHEHVWILWWLQJPRGHOLQFOXGHGDQLQWHUFHSWWHUPVHWDWWKHLQLWLDOWLPHSRLQWDJH
DQG D OLQHDU JURZWK WHUP  7KH XQFRQGLWLRQDO PRGHO GHPRQVWUDWHG VLJQLILFDQW PHDQV IRU WKH
LQWHUFHSW DQG OLQHDU VORSH DQG VLJQLILFDQW YDULDQFH IRU WKH LQWHUFHSW EXW QRW IRU WKH VORSH
VXJJHVWLQJWKDWLQGLYLGXDOVKDYHDVLPLODUJURZWKUDWH7KHPRGHOKDGUHODWLYHO\SRRUILWDQGWKH
ILWLQGLFHVZHUHDVIROORZVȤðGI  S &), 7/, 506($ 
 6505     7KH RYHUDOO SDWWHUQ VXJJHVWV D VLJQLILFDQW LQFUHDVH LQ PDWHUQDO
SRVLWLYHQHXWUDOEHKDYLRURYHUFKLOGDJHVWR 1H[W WKHIXOOPRGHO LQFOXGLQJFRYDULDWHVDQG
LQWHUYHQWLRQ VWDWXV ZDV FRPSXWHG RQ WKH IXOO VDPSOH  7KLV PRGHO GHSLFWHG LQ )LJXUH 





ZLWKJURZWK LQPDWHUQDOSRVLWLYHQHXWUDOEHKDYLRU % S DOWKRXJK WKHSDWWHUQ
ZDVLQWKHH[SHFWHGGLUHFWLRQ
1H[WDPRGHOZDVFRPSXWHGWRLQYHVWLJDWH WKHFRQWLQXRXVPHDVXUHRIEDVHOLQHOHYHORI
&3 DV D PRGHUDWRU RI WKH SDWK EHWZHHQ LQWHUYHQWLRQ DQG JURZWK PDWHUQDO SRVLWLYHQHXWUDO
EHKDYLRU)RUWKLVPRGHODQLQWHUDFWLRQWHUPZDVFUHDWHGE\PXOWLSO\LQJEDVHOLQH(&%,LQWHQVLW\
VFRUHVE\LQWHUYHQWLRQJURXSVWDWXV 7KLVPRGHOSURYLGHGUHODWLYHO\ZHDNILW WR WKHGDWDȤðGI
  S &), 7/, 506($ 6505 ,QWKLVPRGHO
WKH LQWHUDFWLRQ EHWZHHQ EDVHOLQH OHYHO RI &3 DQG LQWHUYHQWLRQ VWDWXV RQ WKH VORSH RIPDWHUQDO
SRVLWLYHQHXWUDOEHKDYLRUZDVQRWVLJQLILFDQW% S 
1H[W D PXOWLJURXS PRGHO ZDV FRPSXWHG WR LQYHVWLJDWH EDVHOLQH OHYHO RI &3
GLFKRWRPRXVO\ZLWKRQHJURXSGHILQHGDVKLJKVFRULQJJUHDWHUWKDQRUHTXDOWRRQWKH(&%,
LQWHQVLW\ IDFWRU DQG WKHRWKHUJURXSGHILQHG DV ORZRQEDVHOLQH&3 HJ VFRULQJEHORZ
$JDLQ EDVHG RQ SUHOLPLQDU\ WHVWV H[DPLQLQJ GLIIHUHQFHV EHWZHHQ UHVLGXDO YDULDQFH RI WKH
LQGLFDWRUV LH PHDVXUHV RI PDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU DW HDFK DJH IRU WKH JURZWK
PRGHO VXJJHVWLQJ WKH\ GLIIHUHG DFURVV JURXSV WKHVH SDUDPHWHUV ZHUH DOORZHG WR IUHHO\ YDU\
EHWZHHQWKHJURXSV5HVXOWVIURPWKHILUVWPXOWLJURXSPRGHOPRUHFRQVHUYDWLYHSURYLGHGZHDN
ILWWRWKHGDWDȤðGI  S &), 7/, 506($ 6505 
VHH)LJXUH7KHVHULHVRI6DWRUUD%HQWOHUFKLVTXDUHGLIIHUHQFHWHVWVLQGLFDWHGWKDWWKH
RQO\SDUDPHWHU WKDWVLJQLILFDQWO\GLIIHUHGEHWZHHQ WKH WZRJURXSVZDV WKHDVVRFLDWLRQEHWZHHQ
LQWHUYHQWLRQVWDWXVDQGWKHLQWHUFHSWRISRVLWLYHQHXWUDOEHKDYLRU:KLOHWKLVDVVRFLDWLRQZDVQRW





  S  ZKLFK OHG WR WKH SRVLWLYH 6DWRUUD%HQWOHU FKL VTXDUH GLIIHUHQFH WHVW 7KH
SDWKZD\IURPLQWHUYHQWLRQWRWKHVORSHRIPDWHUQDOSRVLWLYHQHXWUDOEHKDYLRUGLGQRWYDU\DFURVV
WKHJURXSVDQGZDVQRWVLJQLILFDQW% S 
7KH OHVV FRQVHUYDWLYH PXOWLJURXS PRGHO ZDV FRPSXWHG QH[W :LWK WKH H[FHSWLRQ RI
FRQVWUDLQLQJ WKH IDFWRU ORDGLQJVDQG LQWHUFHSWVRIREVHUYHGYDULDEOHVDFURVV WKH WZRJURXSVDOO
RWKHUSDUDPHWHUVZHUHDOORZHGWRYDU\IUHHO\3DUDPHWHUVRILQWHUHVWHJDVVRFLDWLRQEHWZHHQ
LQWHUYHQWLRQ DQG OLQHDU VORSH ZHUH WKHQ WHVWHG LQGLYLGXDOO\ WR GHWHUPLQH ZKHWKHU WKH\
VLJQLILFDQWO\GLIIHUHGDFURVVJURXSV7KLVPRGHOVHH)LJXUHSURYLGHGZHDNILWWRWKHGDWDȤð
GI  S  &), 7/, 506($  6505   7KLV







FKLOGUHQ LQ WKH )&8 JURXS ZLWK PRUH HOHYDWHG &3 DW EDVHOLQH ZRXOG EH GLVSURSRUWLRQDWHO\
UHSUHVHQWHGLQDKLJKGHVLVWDQWJURXSFRPSDUHGWRLQLWLDOO\KLJK&3FKLOGUHQLQWKHFRQWUROJURXS
ZKR ZHUH H[SHFWHG WR EH GLVSURSRUWLRQDWHO\ UHSUHVHQWHG LQ D KLJK SHUVLVWHQW JURXS 7KLV
WHFKQLTXH LV GHVLJQHG WR LGHQWLI\ FOXVWHUV RI LQGLYLGXDOVZKR VKDUH FRPPRQSDWKZD\V 1DJLQ




DSSURDFK IRUPRGHOLQJ GHYHORSPHQWDO WUDMHFWRULHV LV LQWHQGHG WR SURYLGH D IOH[LEOH DQG HDVLO\
DSSOLHGPHWKRGIRULGHQWLI\LQJGLVWLQFWLYHFOXVWHUVRILQGLYLGXDOWUDMHFWRULHVZLWKLQWKHSRSXODWLRQ
DQG IRU SURILOLQJ WKH FKDUDFWHULVWLFV RI LQGLYLGXDOV ZLWKLQ WKHVH FOXVWHUV 7KH JURXSEDVHG
DSSURDFKXWLOL]HVDPXOWLQRPLDOPRGHOLQJVWUDWHJ\WKDWKDVWKHVWUHQJWKRIEHLQJDEOHWRLGHQWLI\
WUDMHFWRULHV RI LQGLYLGXDOV RQ VHOHFWHG RXWFRPHV RYHU WLPH7KHPRGHOVZHUH HVWLPDWHGZLWK D
VSHFLDOL]HG0SOXVEDVHGSURFHGXUH LQZKLFKZLWKLQJURXSYDULDQFHZDVFRQVWUDLQHG WR]HUR ,Q
VHOHFWLQJ WKH RSWLPDO WUDMHFWRU\ JURXS PRGHO WKH %D\HVLDQ LQIRUPDWLRQ FULWHULD %,& LQ
FRPELQDWLRQZLWKWKHRUHWLFDOUDWLRQDOHZDVXVHGWRLGHQWLI\WKHEHVWILWLQERWKQXPEHUDQGVKDSH
RIJURXSV)ROORZLQJWKHUHFRPPHQGDWLRQRI.DVVDQG5DIWHU\WKHPRGHOVHOHFWLRQZDV
JXLGHG E\ WKH REMHFWLYH RI PD[LPL]LQJ WKH %,& VFRUH 7KH PRGHO JHQHUDWHV SRVWHULRU
SUREDELOLWLHVRIJURXSPHPEHUVKLSZKLFKHVWLPDWHVHDFKLQGLYLGXDO¶VSUREDELOLW\RIEHORQJLQJWR
HDFK RI WKH WUDMHFWRU\ JURXSV ,QGLYLGXDOV DUH DVVLJQHG WR WKH JURXSZLWK WKH ODUJHVW SRVWHULRU
SUREDELOLW\ HVWLPDWH ,QGLFDWRUV RI JRRG ILW WR D PRGHO LQFOXGH PD[LPL]HG %,& VFRUHV KLJK





LQFOXGLQJEDVHOLQH DVVHVVPHQW LQ WKH WUDMHFWRULHV LQIOXHQFHG WKH UHVXOWV 9DULRXVPRGHOVZHUH
H[DPLQHGWRGHWHUPLQHWKHPRVWDSSURSULDWHZD\WRFKDUDFWHUL]HWKHJURXSVDQGWKHEHVWQXPEHU
RIJURXSV
)RU WKH WUDMHFWRULHVPRGHOHG IURPDJHV WR WRWDO1RI VHH)LJXUH D ILYH





$OWKRXJK %,& VFRUHV NHSW LPSURYLQJ ZLWK WKH DGGLWLRQ RI JURXSV JURXS VL]HV EHFDPH
LQFUHDVLQJO\VPDOOZLWKWKHDGGLWLRQRIPRUHJURXSV7KHDYHUDJHSRVWHULRUSUREDELOLW\IRUHDFK
JURXSZDV DOVR FDOFXODWHG3RVWHULRUSUREDELOLWLHVPHDVXUH D VSHFLILF LQGLYLGXDO¶V OLNHOLKRRGRI
EHORQJLQJWRHDFKRIWKHWUDMHFWRU\JURXSV1DJLQ7KHDYHUDJHSRVWHULRUSUREDELOLWLHVIRU
DOO JURXSV IHOO DERYH WKH UHFRPPHQGHG WKUHVKROG IRU DVVLJQPHQW RI  1DJLQ  ZLWK
YDOXHV DERYH  IRU DOO JURXSV LQ ERWK WKH IRXU DQG ILYH JURXS VROXWLRQV 7KH UDQJH LQ WKH
FXUUHQW VDPSOH ZDV  KLJK GHFUHDVLQJ WR  KLJK LQFUHDVLQJ LQ WKH ILYH JURXSPRGHO
*URXSWHUPHG³KLJKGHFUHDVLQJ´FRQVLVWHGRIQ RIWKHVDPSOHDQGVKRZHGVPDOO
GHFUHDVLQJTXDGUDWLFJURZWKDWDWUHQGOHYHO&KLOGUHQLQWKLVJURXSVWDUWHGRXWZLWKYHU\KLJK
OHYHOV RI &3 IROORZHG E\ D TXDGUDWLF GRZQWXUQ *URXS  ZKLFK ZH WHUP ³PRGHUDWH VWDEOH´
FRQVLVWHG RI RI WKH VDPSOH Q    DQG GHPRQVWUDWHG QRQVLJQLILFDQW OLQHDU DQG TXDGUDWLF
JURZWK&KLOGUHQLQWKLVJURXSGHPRQVWUDWHGDFRQVLVWHQWO\PRGHUDWHOHYHORI&3*URXSZKLFK
ZH WHUP³KLJK LQFUHDVLQJ´FRQVLVWHGRIRI WKHVDPSOHQ DQGGHPRQVWUDWHGSRVLWLYH
OLQHDUJURZWK DWD WUHQG OHYHO&KLOGUHQ LQ WKLVJURXSEHJDQZLWK WKHKLJKHVW OHYHORI&3DQG











PHPEHUVKLS ZHUH MRLQWO\ HVWLPDWHG SURYLGLQJ PXOWLQRPLDO ORJLW PRGHO UHVXOWV LQ ZKLFK DOO
JURXSV ZHUH FRPSDUHG WR *URXS  PRGHUDWH GHFUHDVLQJ  5HVXOWV DUH UHSRUWHG LQ 7DEOH E
:KHQ H[DPLQLQJ JURXS VSHFLILF HIIHFWV LQWHUYHQWLRQ VWDWXV GLG QRW VLJQLILFDQWO\ GLIIHUHQWLDWH
PHPEHUVKLSLQ*URXSYHUVXVDQ\RWKHUJURXSQRUGLGLWGLIIHUHQWLDWHPHPEHUVKLSLQDQ\RWKHU
JURXSV YHUVXV WKH RWKHUV  )RU EDVHOLQH &3 QRW VXUSULVLQJO\ KDYLQJ KLJK EDVHOLQH &3 ZDV
DVVRFLDWHGZLWKKLJKHUOLNHOLKRRGRIPHPEHUVKLSLQ*URXSKLJKGHFUHDVLQJDQG*URXSKLJK
LQFUHDVLQJFRPSDUHGWR*URXSPRGHUDWHGHFUHDVLQJZKHUHDVKDYLQJKLJKEDVHOLQH&3ZDV
DVVRFLDWHG ZLWK ORZHU OLNHOLKRRG RI PHPEHUVKLS LQ *URXS  ORZ GHFUHDVLQJ FRPSDUHG WR




JURXSPRGHOZLWKERWK OLQHDU DQGTXDGUDWLF JURZWK WHUPVZDV VHOHFWHG DV WKLVPRGHOZDV WKH
EHVWEDODQFHEHWZHHQPD[LPL]HG%,&VFRUHVDQGWKHRUHWLFDOUDWLRQDOHDVFDQEHVHHQLQ7DEOHD
*URXS  WHUPHG ³KLJK VWDEOH´ LQFOXGHG RI WKH VDPSOH Q    DQG VKRZHG D KLJK DQG
VWDEOH WUDMHFWRU\ RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU  *URXS  WHUPHG ³KLJK GHFUHDVLQJ´
LQFOXGHGRIWKHVDPSOHQ DQGVKRZHGLQLWLDOO\KLJKOHYHOVRIRSSRVLWLRQDODJJUHVVLYH
EHKDYLRU IROORZHG E\ QHJDWLYH OLQHDU JURZWK DQG SRVLWLYH TXDGUDWLF JURZWK DW D WUHQG OHYHO
*URXS WHUPHG³KLJKHVWVWDEOH´ LQFOXGHGRI WKHVDPSOHQ DQGVKRZHG WKHKLJKHVW
LQLWLDO OHYHOV RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU WKDW UHPDLQHG VWDEOH  *URXS  WHUPHG ³ORZ
GHFUHDVLQJ´ LQFOXGHG  RI WKH VDPSOH Q    DQG VKRZHG LQLWLDOO\ ORZ OHYHOV
RSSRVLWLRQDODJJUHVVLYH EHKDYLRU IROORZHG E\ QHJDWLYH OLQHDU JURZWK DQG SRVLWLYH TXDGUDWLF







ZDV  KLJK GHFUHDVLQJ WR  KLJKHVW VWDEOH 1H[W WKH PRGHO ZDV UHHVWLPDWHG ZLWK
LQWHUYHQWLRQJURXSVWDWXVDQGEDVHOLQH OHYHORI&3GLFKRWRPRXVO\VFRUHGDGGHGDVSUHGLFWRUV
7UDMHFWRULHVDQGWKHSUHGLFWRUVRIWUDMHFWRU\JURXSPHPEHUVKLSZHUHMRLQWO\HVWLPDWHGSURYLGLQJ
PXOWLQRPLDO ORJLW PRGHO UHVXOWV LQ ZKLFK DOO JURXSV ZHUH FRPSDUHG WR *URXS  PRGHUDWH
GHFUHDVLQJ 5HVXOWV DUH UHSRUWHG LQ 7DEOH E :KHQ H[DPLQLQJ JURXS VSHFLILF HIIHFWV
LQWHUYHQWLRQ VWDWXV GLG QRW VLJQLILFDQWO\ GLIIHUHQWLDWHPHPEHUVKLS LQ*URXS YHUVXV DQ\ RWKHU
JURXSQRUGLGLWGLIIHUHQWLDWHPHPEHUVKLSLQDQ\RWKHUJURXSVYHUVXVWKHRWKHUV)RUEDVHOLQH&3
QRWVXUSULVLQJO\KDYLQJKLJKEDVHOLQH&3ZDVDVVRFLDWHGZLWKKLJKHUOLNHOLKRRGRIPHPEHUVKLSLQ
*URXS  KLJK VWDEOH *URXS  KLJK GHFUHDVLQJ DQG *URXS  KLJKHVW VWDEOH FRPSDUHG WR
*URXS PRGHUDWHGHFUHDVLQJZKHUHDVKDYLQJKLJKHUEDVHOLQH&3ZDVDVVRFLDWHGZLWK ORZHU











IHHGEDFN )% VHVVLRQV DQDO\VHV RI YDULDQFH $129$V ZHUH FRQGXFWHG WR FRPSDUH SRVW
LQWHUYHQWLRQ RXWFRPHV RQPDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU DQG FKLOG RSSRVLWLRQDODJJUHVVLYH
EHKDYLRU IRU WKH IROORZLQJ WKUHH JURXSV  WKH FRQWURO JURXS LQGLYLGXDOV DVVLJQHG WR WKH
LQWHUYHQWLRQ ZKR HQJDJHG LQ )&8 IHHGEDFN )% VHVVLRQV DQG LQGLYLGXDOV DVVLJQHG WR WKH
LQWHUYHQWLRQZKR GLG QRW HQJDJH LQ )&8)% VHVVLRQV )RU DQDO\VHV LQYROYLQJ SRVLWLYHQHXWUDO
EHKDYLRUDVDQRXWFRPHWKUHH$129$VZHUHFRPSXWHGWRH[DPLQHWKHHIIHFWRIHQJDJHPHQWLQ
WKH)&8RQWKHRXWFRPHRISRVLWLYHQHXWUDOEHKDYLRUDWDJHVDQG)RUDQDO\VHVLQYROYLQJ
&3 DV DQ RXWFRPH VL[$129$VZHUH FRPSXWHG WR H[DPLQH WKH HIIHFW RI HQJDJHPHQW LQ WKH
)&8 RQ WKH RXWFRPHV RI &3 DW DJHV      DQG  $V DQ DGGLWLRQDO DQDO\VLV
HQJDJHPHQW ZDV GHILQHG DV LQWHUYHQWLRQ IDPLOLHV ZKR KDG IHHGEDFNV DIWHU DW OHDVW  RI WKH




SRVWKRF7XNH\ WHVWV VSHFLILFJURXSGLIIHUHQFHVZHUHH[DPLQHG )RUPDWHUQDOSRVLWLYHQHXWUDO
EHKDYLRUDWDJHWKRVHZKRZHUHDVVLJQHGWRWKHLQWHUYHQWLRQJURXSDQGSDUWLFLSDWHGLQWKH)%
VHVVLRQDIWHUWKHDJHDVVHVVPHQWKDGKLJKHUPHDQSRVLWLYHQHXWUDOEHKDYLRUFRPSDUHGWRWKRVH






WKH FRQWURO JURXS S   7KHUHZHUH QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ JURXSV EDVHG RQ
KDYLQJKDGD)%DIWHUWKHDJHDVVHVVPHQWIRUPDWHUQDOSRVLWLYHQHXWUDOEHKDYLRUDWDJH)RU
FKLOG RSSRVLWLRQDODJJUHVVLYH EHKDYLRU WKHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKRVH
DVVLJQHGWRWKHLQWHUYHQWLRQZKRKDGD)%WKRVHDVVLJQHGWRWKHLQWHUYHQWLRQZKRGLGQRWKDYHD
)% DQG WKRVH LQ WKH FRQWUROJURXS DW DQ\DJH ,Q DGGLWLRQ WKHUHZHUHQRGLIIHUHQFHVEHWZHHQ
WKRVH DVVLJQHG WR LQWHUYHQWLRQ ZKR KDG DW OHDVW  )%V DFURVV DJHV  WKRVH DVVLJQHG WR




WKH HIIHFW RI WKH LQWHUYHQWLRQRQRSSRVLWLRQDODJJUHVVLYHEHKDYLRU DFURVV DJHV WKURXJK DQG
ZKHWKHU VXFK DQ HIIHFW PLJKW EH VWURQJHU RU RQO\ VLJQLILFDQW IRU IDPLOLHV LQ ZKLFK FKLOGUHQ
GHPRQVWUDWH KLJKHU OHYHOV RI EDVHOLQH &3 D PRGHUDWHG PHGLDWLRQ DQDO\WLF WHFKQLTXH ZDV




GI  S  &), 7/, 506($  6505   ,QWKLV
PRGHOWKHUHZDVDQRQVLJQLILFDQWWUHQGOHYHODVVRFLDWLRQEHWZHHQWKHLQWHUYHQWLRQDQGWKHOLQHDU
VORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU% S LQWKHH[SHFWHGGLUHFWLRQDQG




RSSRVLWLRQDODJJUHVVLYH EHKDYLRU %    S    7KH DVVRFLDWLRQ EHWZHHQ LQWHUYHQWLRQ
DQGWKHVORSHRIPDWHUQDOSRVLWLYHQHXWUDOEHKDYLRUZDVQRWVLJQLILFDQW % S 
DQG WKH DVVRFLDWLRQ EHWZHHQ JURZWK LQPDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU DQG JURZWK LQ FKLOG
RSSRVLWLRQDODJJUHVVLYHEHKDYLRUZDVQRWVLJQLILFDQW% S 7KHLQGLUHFWHIIHFW
IURP WKH LQWHUYHQWLRQ WR JURZWK LQ PDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU WR JURZWK LQ FKLOG
RSSRVLWLRQDODJJUHVVLYHEHKDYLRUZDVDOVRQRWVLJQLILFDQW% S 
1H[WDPRGHOZDVFRPSXWHGWRLQYHVWLJDWH WKHFRQWLQXRXVPHDVXUHRIEDVHOLQHOHYHORI
&3 DV D PRGHUDWRU RI WKH SDWK EHWZHHQ LQWHUYHQWLRQ DQG JURZWK PDWHUQDO SRVLWLYHQHXWUDO
EHKDYLRU DQG EHWZHHQ LQWHUYHQWLRQ DQG JURZWK LQ FKLOG RSSRVLWLRQDODJJUHVVLYH EHKDYLRU  )RU
WKLVPRGHO DQ LQWHUDFWLRQ WHUPZDV FUHDWHG E\PXOWLSO\LQJ EDVHOLQH (&%, LQWHQVLW\ VFRUHV E\
LQWHUYHQWLRQJURXSVWDWXV7KLVPRGHOSURYLGHGDGHTXDWHILWWRWKHGDWDȤðGI  S
  &), 7/, 506($  6505   ,QWKLVPRGHO WKHLQWHUDFWLRQ
EHWZHHQEDVHOLQH OHYHO RI&3 DQG LQWHUYHQWLRQ VWDWXVZDV QRW VLJQLILFDQWO\ DVVRFLDWHGZLWK WKH
VORSHRIPDWHUQDOSRVLWLYHQHXWUDOEHKDYLRU% S RUZLWKWKHOLQHDU% 
S RUTXDGUDWLF% S VORSHVRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU
)RUWKHGLFKRWRPRXV&3YDULDEOHDQDO\VLVWKHPHGLDWLRQDOPRGHOZDVWHVWHGLQDPXOWL
JURXS GHVLJQ ZLWK RQH JURXS GHILQHG DV KLJK RQ EDVHOLQH &3 HJ VFRULQJ DW RU DERYH WKH
HVWDEOLVKHGFOLQLFDOFXWSRLQWRIRQWKH(\EHUJLQWHQVLW\IDFWRU&ROYLQHWDODQGWKH
RWKHU JURXS GHILQHG DV ORZ RQ EDVHOLQH &3 HJ VFRULQJ EHORZ  $JDLQ EDVHG RQ
SUHOLPLQDU\ WHVWV H[DPLQLQJ GLIIHUHQFHV EHWZHHQ UHVLGXDO YDULDQFH RI WKH LQGLFDWRUV IRU WKH
JURZWKPRGHOV VXJJHVWLQJ WKH\GLIIHUHGDFURVVJURXSV WKHVHSDUDPHWHUVZHUHDOORZHG WRYDU\
IUHHO\ EHWZHHQ WKH JURXSV 5HVXOWV IURP WKH ILUVW PXOWLJURXS PRGHO PRUH FRQVHUYDWLYH




506($    6505    VHH )LJXUH   7KH VHULHV RI 6DWRUUD%HQWOHU FKL VTXDUH
GLIIHUHQFHWHVWVLQGLFDWHGVHYHUDOVLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHWZRJURXSV)LUVWVLPLODUWR
WKH SUHYLRXV UHVXOWV IRU WKHPXOWLJURXS ODWHQW JURZWK FXUYHPRGHO RI RSSRVLWLRQDODJJUHVVLYH
EHKDYLRUWKDWGLGQRWLQFOXGHSRVLWLYHQHXWUDOEHKDYLRUWKHPHDQRIWKHLQWHUFHSWGLIIHUHGVXFK






KLJK DQG ORZJURXSV LQ WKH DVVRFLDWLRQEHWZHHQ WKH LQWHUYHQWLRQ DQG WKH LQWHUFHSWRIPDWHUQDO
SRVLWLYHQHXWUDOEHKDYLRUDOWKRXJKLWZDVQRWVLJQLILFDQWLQHLWKHUJURXS7KHDVVRFLDWLRQDFURVV
ERWK JURXSV EHWZHHQ WKH VORSH RI PDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU DQG WKH OLQHDU VORSH RI
RSSRVLWLRQDODJJUHVVLYH EHKDYLRU ZDV QRW VLJQLILFDQW %    S    ,Q DGGLWLRQ WKH
DVVRFLDWLRQEHWZHHQWKHLQWHUYHQWLRQDQGWKHOLQHDUVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRUGLG
QRW GLIIHU EHWZHHQ WKH WZR JURXSV DQG ZDV RQO\ D WUHQG OHYHO %   S    7KH
DVVRFLDWLRQEHWZHHQ WKH LQWHUYHQWLRQ DQG WKH VORSHRIPRWKHUSRVLWLYHQHXWUDO EHKDYLRUGLGQRW
GLIIHU EHWZHHQ WKH WZR JURXSV DQG ZDV QRW VLJQLILFDQW %    S    )XUWKHU WKH
LQGLUHFWHIIHFWIURPWKHLQWHUYHQWLRQWRWKHOLQHDUVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRUDFURVV
DJHV  RSHUDWLQJ WKURXJKPDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU IURP ZDV QRW VLJQLILFDQW LQ
HLWKHUJURXS% S 
7KH OHVV FRQVHUYDWLYH PXOWLJURXS PRGHO ZDV FRPSXWHG QH[W :LWK WKH H[FHSWLRQ RI





LQWHUYHQWLRQ DQG OLQHDU DQG TXDGUDWLF VORSHV RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU EHWZHHQ
LQWHUYHQWLRQ VWDWXV DQG VORSH RI PDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU DQG EHWZHHQ WKH VORSH RI
PDWHUQDOSRVLWLYHQHXWUDOEHKDYLRUDQGWKHVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRUZHUHWKHQ
WHVWHG LQGLYLGXDOO\ WR GHWHUPLQHZKHWKHU WKH\ VLJQLILFDQWO\ GLIIHUHG DFURVV JURXSV7KLVPRGHO





VLJQLILFDQW FKL VTXDUH GLIIHUHQFH WHVW  7KH JURXSV GLG QRW GLIIHU LQ WKH SDWK EHWZHHQ WKH
LQWHUYHQWLRQ DQG WKH TXDGUDWLF VORSH RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU WKH SDWK EHWZHHQ
LQWHUYHQWLRQ DQG WKH VORSH RI SRVLWLYHQHXWUDO SDUHQWLQJ RU WKH SDWK EHWZHHQ WKH VORSH RI





DQ HIIHFW PLJKW EH VWURQJHU RU RQO\ VLJQLILFDQW IRU IDPLOLHV LQ ZKLFK FKLOGUHQ GHPRQVWUDWH
KLJKHUOHYHOVRIEDVHOLQH&3ILUVWDQXQFRQGLWLRQDOJURZWKPRGHOIRUPDWHUQDOGHSUHVVLRQDFURVV





  &),   7/,   506($    6505    7KLVPRGHO KDG VLJQLILFDQW
PHDQVIRUWKHLQWHUFHSWWHUP% SDQGOLQHDUVORSH% SDVZHOO
DVVLJQLILFDQWYDULDQFHVIRUWKHLQWHUFHSWSDQGOLQHDUVORSHS1H[WDVLQJOHJURXS
SDUDOOHO SURFHVV JURZWKPRGHOZDV FRPSXWHG H[DPLQLQJ WKH SDWKZD\ IURP WKH LQWHUYHQWLRQ WR
JURZWK LQ PDWHUQDO GHSUHVVLRQ DFURVV FKLOG DJHV  WKURXJK  WR JURZWK LQ FKLOG
RSSRVLWLRQDODJJUHVVLYHEHKDYLRUIURPFKLOGDJHVWKURXJK7KLVPRGHOGHSLFWHGLQ)LJXUH
SURYLGHGDGHTXDWHILWWRWKHGDWDȤðGI  S &), 7/, 
506($  6505    ,Q WKLVPRGHO WKHUHZDVD WUHQG OHYHODVVRFLDWLRQEHWZHHQ WKH
VORSHRIPDWHUQDOGHSUHVVLRQDQGWKHOLQHDUVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU% 




 DQG TXDGUDWLF VORSH %   S    RI RSSRVLWLRQDO DJJUHVVLYH EHKDYLRU  7KH
DVVRFLDWLRQ EHWZHHQ LQWHUYHQWLRQ VWDWXV DQG WKH VORSH RI PDWHUQDO GHSUHVVLRQ ZDV DOVR QRW
VLJQLILFDQW %  S  )XUWKHU WKH LQGLUHFW HIIHFWVRI WKH LQWHUYHQWLRQRQERWK WKH
OLQHDU VORSH RI RSSRVLWLRQDO DJJUHVVLYH EHKDYLRU DQG WKH TXDGUDWLF VORSH RI RSSRVLWLRQDO








WHUPZDV FUHDWHG E\PXOWLSO\LQJ EDVHOLQH (&%, LQWHQVLW\ VFRUHV E\ LQWHUYHQWLRQ JURXS VWDWXV
7KLVPRGHOSURYLGHGDGHTXDWHILWWRWKHGDWDȤðGI  S &), 7/, 
506($ 6505 ,QWKLVPRGHOWKHUHZDVQRPDLQHIIHFWRILQWHUYHQWLRQRU
LQWHUDFWLRQ EHWZHHQ EDVHOLQH OHYHO RI &3 DQG LQWHUYHQWLRQ VWDWXV RQ WKH VORSH RI PDWHUQDO
GHSUHVVLRQRURQWKHVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU
1H[W D PXOWLJURXS PRGHO ZDV FRPSXWHG WR LQYHVWLJDWH EDVHOLQH OHYHO RI &3
GLFKRWRPRXVO\ZLWKJURXSVGHILQHGDVKLJKVFRULQJJUHDWHU WKDQRUHTXDO WRRQWKH(&%,
LQWHQVLW\IDFWRURUORZOHVVWKDQRQWKH(&%,LQWHQVLW\IDFWRU$JDLQEDVHGRQSUHOLPLQDU\
WHVWV H[DPLQLQJ GLIIHUHQFHV EHWZHHQ UHVLGXDO YDULDQFH RI WKH LQGLFDWRUV LH PHDVXUHV RI
PDWHUQDOSRVLWLYHQHXWUDOEHKDYLRUDW HDFKDJH IRU WKHJURZWKPRGHO VXJJHVWLQJ WKH\GLIIHUHG
DFURVVJURXSV WKHVHSDUDPHWHUVZHUH DOORZHG WRYDU\ IUHHO\EHWZHHQ WKHJURXSV5HVXOWV IURP
WKHILUVWPXOWLJURXSPRGHOPRUHFRQVHUYDWLYHSURYLGHGDGHTXDWHILWWRWKHGDWDȤðGI  
S &), 7/, 506($ 6505 VHH)LJXUH7KH
VHULHV RI 6DWRUUD%HQWOHU FKL VTXDUH GLIIHUHQFH WHVWV LQGLFDWHG VHYHUDO VLJQLILFDQW GLIIHUHQFHV
EHWZHHQWKHWZRJURXSV)LUVWVLPLODUWRWKHSUHYLRXVUHVXOWVIRUWKHPXOWLJURXSODWHQWJURZWK
FXUYHPRGHO RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU WKDW GLG QRW LQFOXGHPDWHUQDO GHSUHVVLRQ WKH
PHDQ RI WKH LQWHUFHSW GLIIHUHG VXFK WKDW DV ZRXOG EH H[SHFWHG WKH PHDQ LQWHUFHSW ZDV
VLJQLILFDQWO\KLJKHULQWKHKLJKJURXS% FRPSDUHGWRORZJURXS% 7KHPHDQ
RIWKHVORSHGLIIHUHGVXFKWKDWWKHPHDQUDWHRIFKDQJHLQWKHKLJKJURXS% ZDVKLJKHU
WKDQ WKH PHDQ UDWH RI FKDQJH LQ WKH ORZ JURXS %     ,Q DGGLWLRQ WKH PHDQ RI WKH
TXDGUDWLF VORSH GLIIHUHG VXFK WKDW LW ZDV VLJQLILFDQWO\ KLJKHU LQ WKH KLJK JURXS %   





FRPSDUHG WR WKH ORZJURXS LQWHUFHSW%  VORSH% )XUWKHUZLWK UHJDUG WR WKH
JURZWKFXUYHIRUPDWHUQDOGHSUHVVLRQWKHPHDQLQWHUFHSWVLJQLILFDQWO\GLIIHUHGVXFKWKDWLWZDV
DJDLQKLJKHU LQWKHKLJKJURXS% FRPSDUHGWRWKHORZJURXS% DQGWKH
YDULDQFHRIERWKWKHLQWHUFHSWDQGWKHVORSHGLIIHUHGVXFKWKDWWKHUHZDVJUHDWHUYDULDQFHIRUWKH
KLJKJURXS LQWHUFHSW%  VORSH% FRPSDUHG WR WKH ORZJURXS LQWHUFHSW% 
 VORSH %   7KHUH ZDV DOVR D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH KLJK DQG ORZ
JURXSVLQWKHDVVRFLDWLRQEHWZHHQWKHLQWHUYHQWLRQDQGWKHVORSHRIPDWHUQDOGHSUHVVLRQDOWKRXJK




WKH LQWHUFHSW RIPDWHUQDO GHSUHVVLRQ DQG UXUDO YHUVXV XUEDQ VLWH VXFK WKDW LQ WKH ORZ JURXS
WKRVHPRWKHUVIURPUXUDOFRPSDUHGWRXUEDQVLWHVUHSRUWHGORZHUOHYHOVRIPDWHUQDOGHSUHVVLRQ%
 S DQDVVRFLDWLRQWKDWZDVQRWVLJQLILFDQWLQWKHKLJKJURXS% S 
 7KHUHZDV D VLJQLILFDQW DVVRFLDWLRQ DFURVVERWKJURXSVEHWZHHQ WKH VORSHRIPDWHUQDO
GHSUHVVLRQDQGWKHOLQHDUVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU% S VXFK
WKDW DVPDWHUQDO GHSUHVVLRQ GHFUHDVHG RSSRVLWLRQDODJJUHVVLYH EHKDYLRU GHFUHDVHG 7KHUH ZDV
DOVRDVLJQLILFDQWDVVRFLDWLRQEHWZHHQWKHVORSHRIPDWHUQDOGHSUHVVLRQDQGWKHTXDGUDWLFVORSHRI
RSSRVLWLRQDODJJUHVVLYH EHKDYLRU VXFK WKDW IRU WKH TXDGUDWLF IXQFWLRQ WKLV DVVRFLDWLRQ ZDV
QHJDWLYH% S ,QWHUYHQWLRQZDVQRWGLUHFWO\DVVRFLDWHGZLWKWKHOLQHDU% 
S RUTXDGUDWLF% S VORSHVRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU





ZDVQRWVLJQLILFDQWLQWKHKLJKJURXS% S RULQWKHORZJURXS% S 

7KH OHVV FRQVHUYDWLYH PXOWLJURXS PRGHO ZDV FRPSXWHG QH[W  $OO SDUDPHWHUV ZHUH
DOORZHG WRYDU\ IUHHO\ZLWK WKH H[FHSWLRQRI FRQVWUDLQLQJ WKH IDFWRU ORDGLQJV DQG LQWHUFHSWVRI
REVHUYHG YDULDEOHV DFURVV WKH WZR JURXSV ,Q DGGLWLRQ EHFDXVH WKH YDULDQFH RI WKH TXDGUDWLF
JURZWK WHUP IRU RSSRVLWLRQDODJJUHVVLYH EHKDYLRU ZLWKLQ WKH KLJK JURXSZDV QRW VLJQLILFDQWO\
GLIIHUHQWIURP]HURDQGFDXVHGDQRWSRVLWLYHGHILQLWHFRYDULDQFHPDWUL[WKHXQLTXHYDULDQFHRI
WKLVLQGLFDWRUZDVVHWWR]HURIRUWKHKLJKJURXS3DUDPHWHUVRILQWHUHVWHJDVVRFLDWLRQEHWZHHQ
LQWHUYHQWLRQ DQG OLQHDU DQG TXDGUDWLF VORSHV RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU EHWZHHQ
LQWHUYHQWLRQ VWDWXV DQG VORSH RI PDWHUQDO GHSUHVVLRQ DQG EHWZHHQ WKH VORSH RI PDWHUQDO
GHSUHVVLRQ DQG WKH VORSH RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRUZHUH WKHQ WHVWHG LQGLYLGXDOO\ WR
GHWHUPLQHZKHWKHUWKH\VLJQLILFDQWO\GLIIHUHGDFURVVJURXSV7KLVPRGHOSURYLGHGJRRGILWWRWKH
GDWDȤðGI  S &), 7/, 506($ 6505 
VHH)LJXUH7KHUHZDVDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHJURXSVIRUWKHSDWKZD\EHWZHHQ
LQWHUYHQWLRQDQGWKHOLQHDUVORSHRIPDWHUQDOGHSUHVVLRQWKHDVVRFLDWLRQZDVQRWVLJQLILFDQWLQWKH
ORZJURXS% S EXWZDVVLJQLILFDQW LQWKHKLJKJURXS% S  
VXFK WKDW WKH LQWHUYHQWLRQZDV DVVRFLDWHG GHFUHDVHV LQPDWHUQDO GHSUHVVLRQ LQ WKH KLJK JURXS
7KHUHZDVDOVRDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHJURXSVIRUWKHSDWKZD\EHWZHHQWKHVORSHRI
PDWHUQDOGHSUHVVLRQDQG WKHVORSHRIRSSRVLWLRQDODJJUHVVLYHEHKDYLRU WKHDVVRFLDWLRQZDVQRW
VLJQLILFDQW LQ WKH ORZJURXS % S EXWZDV VLJQLILFDQW LQ WKHKLJKJURXS % 
S  VXFK WKDWVXFK WKDWDVPDWHUQDOGHSUHVVLRQGHFUHDVHGRSSRVLWLRQDODJJUHVVLYH
EHKDYLRUGHFUHDVHG  ,QDGGLWLRQ WKH LQGLUHFWHIIHFW IURPWKH LQWHUYHQWLRQ WR WKHOLQHDUVORSHRI








,Q VXPPDU\ UHVXOWV RI WKH PXOWLJURXS PRGHOV GHPRQVWUDWHG WKDW K\SRWKHVHV ZHUH
JHQHUDOO\ OHVVZHOOVXSSRUWHGZKHQ WKHPRUHFRQVHUYDWLYHPRGHOVZHUHH[DPLQHGZKHUHDV WKH










FXUUHQW VWXG\ VRXJKW WR H[DPLQH ZKHWKHU GLIIHUHQFHV LQ HQJDJHPHQW LQ WKH )&8 LQWHUYHQWLRQ
ZHUHDVVRFLDWHGZLWKLQWHUYHQWLRQHIIHFWVRQFKLOGEHKDYLRUDODQGSDUHQWLQJRXWFRPHVK\SRWKHVLV
 DQG WR H[DPLQHZKHWKHUPHGLDWLRQDO SDWKZD\V WKURXJKZKLFK WKH)&8KDV EHHQ VKRZQ WR
UHGXFH FKLOG &3 ± WKURXJK LPSURYHG SDUHQWLQJ DQG LPSURYHG PDWHUQDO GHSUHVVLRQ ± ZHUH
PRGHUDWHGE\EDVHOLQHFKLOG&3K\SRWKHVHVDQGUHVSHFWLYHO\6XSSRUWZDVIRXQGIRUVRPH
EXW QRW DOO K\SRWKHVHV 7KH LQWHUYHQWLRQZDV DVVRFLDWHGZLWK UHGXFHG JURZWK LQ WKH VORSH RI
FKLOG &3 IURP DJHV  WKURXJK  DFURVV WKH IXOO VDPSOH H[WHQGLQJ ILQGLQJV IURP SUHYLRXV
VWXGLHVRI LQWHUYHQWLRQHIIHFWV &RQQHOO HW DO'LVKLRQHWDO'LVKLRQHWDO
6KDZ HW DO  +RZHYHU WKHUH ZDV RQO\ SDUWLDO DQG LQFRQVLVWHQW VXSSRUW IRU WKH UROH RI
EDVHOLQH&3DVDPRGHUDWRURILQWHUYHQWLRQHIIHFWVRQ&32QO\WKHOHVVFRQVHUYDWLYHPXOWLJURXS
PRGHO GHPRQVWUDWHG PRGHUDWLRQ E\ EDVHOLQH &3 VXFK WKDW WKH LQWHUYHQWLRQ ZDV HIIHFWLYH LQ
UHGXFLQJ JURZWK LQ&3 LQ WKH ³KLJK´EDVHOLQH JURXSDQGQRW LQ WKH ³ORZ´EDVHOLQH JURXS %\





K\SRWKHVHV WKHUH ZHUH QR GLUHFW HIIHFWV RI WKH LQWHUYHQWLRQ RQ WKH VORSH RI PDWHUQDO
SRVLWLYHQHXWUDOEHKDYLRUIURPFKLOGDJHVWKURXJKDFURVVWKHIXOOVDPSOHDQGEDVHOLQH&3ZDV
QRW D VLJQLILFDQW PRGHUDWRU RI WKLV DVVRFLDWLRQ $OVR FRQWUDU\ WR K\SRWKHVHV WKHUH ZHUH QR
GLIIHUHQFHVLQWUDMHFWRU\JURXSPHPEHUVKLSUHODWHGWRLQWHUYHQWLRQVWDWXV+RZHYHUOHYHORI&3












EDVHOLQH &3 3DUWLDOO\ LQ OLQH ZLWK K\SRWKHVHV UHJDUGLQJ WKH PHGLDWLRQDO UROH RI PDWHUQDO
GHSUHVVLRQWKHOHVVFRQVHUYDWLYHPXOWLJURXSPRGHOGHPRQVWUDWHGLQWHUHVWLQJJURXSGLIIHUHQFHV
WKH SDWKZD\ IURP JURZWK RI PDWHUQDO GHSUHVVLRQ WR JURZWK RI FKLOG RSSRVLWLRQDODJJUHVVLYH
EHKDYLRU ZDV RQO\ VLJQLILFDQW IRU WKRVH ZLWK KLJKHU EDVHOLQH &3 DQG WKHUH ZDV D VLJQLILFDQW













WKH JURZWK RI&3 IURP DJH  RXW WR FKLOG DJH   ,QWHUHVWLQJO\ FRPSDULVRQV EHWZHHQPHDQ
OHYHOV RI &3 LQ WKH LQWHUYHQWLRQ DQG FRQWURO JURXSV LQ SUHOLPLQDU\ DQDO\VHV GHPRQVWUDWHG
LQFRQVLVWHQFLHVDVPHDQGLIIHUHQFHVLQSUREOHPEHKDYLRUZHUHRQO\VLJQLILFDQWDWVRPHEXWQRW
RWKHUDJHVLHDJHSDUHQWUHSRUWHGH[WHUQDOL]LQJDJHSDUHQWUHSRUWHG(\EHUJLQWHQVLW\DQG
SUREOHP IDFWRUV 2WKHU VWXGLHV H[DPLQLQJ UHODWHG FKLOG RXWFRPHV LQ WKH FXUUHQW VDPSOH KDYH
IRXQG VLPLODU HIIHFWV RQ WKH VORSH RI EHKDYLRU HJ FKLOG HIIRUWIXO FRQWURO EXW QRW LQGLYLGXDO
WLPHSRLQWV&KDQJHWDOLQSUHVVZKLFKKLJKOLJKWVWKHLPSRUWDQFHRIH[SORULQJGLIIHUHQFHVLQ
FKDQJHRYHUWLPH7KHVHSUHOLPLQDU\DQDO\VHVGHPRQVWUDWHGWKDWWKHPRVWUREXVWHIIHFWVDSSHDUWR










JURXSPRGHO VXSSRUWHGPRGHUDWLRQ VXFK WKDW WKH)&8 LQWHUYHQWLRQZDV HIIHFWLYH IRU FKLOGUHQ
ZLWK KLJKHU EDVHOLQH OHYHOV RI &3 +RZHYHU WKLV UHVXOW PXVW EH WHPSHUHG E\ WKH IDFW WKDW
PRGHUDWLRQ ZDV QRW FRQVLVWHQWO\ VXSSRUWHG  'LIIHUHQFHV LQ WKH UHVXOWV EDVHG RQ WKH W\SH RI
DQDO\WLFPHWKRGXVHGHJFRPSDULQJWKHOHVVFRQVHUYDWLYHPXOWLJURXSIUDPHZRUNWRWKHPRUH
FRQVHUYDWLYH PXOWLJURXS PRGHO DQG WR WKH FRQWLQXRXV LQWHUDFWLRQ PRGHO VXJJHVW WKDW DQ\




H[WHUQDOL]LQJ 6LPLODUO\ WKH LQWHUDFWLRQ EHWZHHQ LQWHUYHQWLRQ DQG OHYHO RI &3 DW DJH  ZDV
VLJQLILFDQWO\ DVVRFLDWHGZLWK OHYHOV RI WHDFKHUUHSRUWHG H[WHUQDOL]LQJ EHKDYLRU DW DJH  VXFK
WKDWFKLOGUHQZLWKKLJKHUDJH&3LQ WKH LQWHUYHQWLRQJURXSKDG ORZHUDJHH[WHUQDOL]LQJ
EHKDYLRU ,W LV GLIILFXOW WR VSHFXODWH DV WR ZK\ WKH K\SRWKHVL]HG SDWWHUQV ZHUH PRVW VWURQJO\
VXSSRUWHG DW WKH ODVW DVVHVVPHQW HVSHFLDOO\ JLYHQ WKH  \HDU WLPH ODSVH EHWZHHQ WKH EDVHOLQH
PHDVXUH DQG WKH DJH  RXWFRPH+RZHYHU LWZLOO EH LQWHUHVWLQJ IRU IXWXUH VWXGLHV WR IXUWKHU
H[SORUH RXWFRPHV RXW WR HYHQ ODWHU DJHV WR H[DPLQHZKHWKHU WKHVH GLIIHUHQWLDO HIIHFWVPD\ EH
VHHQDVFKLOGUHQPDNHWKHWUDQVLWLRQIURPPLGGOHVFKRRODJHWRHDUO\DGROHVFHQFH
 )LQGLQJV H[DPLQLQJ PRGHUDWLRQ ZLWK WKH (&%, SUREOHP IDFWRU ZHUH FRQWUDU\ WR
K\SRWKHVHVLQWKDWLQWHUYHQWLRQJURXSGLIIHUHQFHVZHUHHYLGHQWIRUFKLOGUHQZLWKORZEDVHOLQH&3






DVVHVVHVKRZPXFKRI DSUREOHPD FKLOG¶VEHKDYLRU LV IRU WKHSDUHQWZKLFK FRXOG H[SODLQ WKH
GLIIHUHQW SDWWHUQ RI DVVRFLDWLRQV VHHQ IRU WKLV YDULDEOH 0RUH VSHFLILFDOO\ WKRVH ZLWK ORZHU
EDVHOLQH&3ERWKFRQWLQXRXVO\DQGGLFKRWRPRXVO\VFRUHGLQWKHLQWHUYHQWLRQJURXSKDGORZHU
DJHDQGDJH(&%,SUREOHPVFRUHVFRPSDUHGWRWKRVHLQWKHFRQWUROJURXSDQGFKLOGUHQZLWK
KLJKHU EDVHOLQH &3 7KH ILQGLQJV LQGLFDWH WKH LPSRUWDQFH RI QRW RQO\ FRQVLGHULQJ WKH RYHUDOO
OHYHO RU VHYHULW\ RI FKLOG&3EXW DOVR KRZPXFKRI D SUREOHP WKH EHKDYLRU LV YLHZHG IRU WKH
SDUHQWZKLFKWKH(&%,SUREOHPVFDOHDVVHVVHV7KHUHVXOWVIRUWKLVPHDVXUHVXJJHVWWKDWSDUHQWV
UHSRUW JUHDWHU EHQHILWV LQ KRZ SUREOHPDWLF WKH\ YLHZ WKHLU FKLOG¶V EHKDYLRU WR EH LI WKH\ DUH







$VSUHYLRXVO\QRWHGD UHYLHZRI WKHH[WDQW OLWHUDWXUHRQVWXGLHV ILQGLQJPRGHUDWLRQE\








DERYH WKH PHDQ RQ LQLWLDO &3 EXW QRW QHFHVVDULO\ FOLQLFDOO\ HOHYDWHG  7KHUHIRUH WKH PRGHVW
ILQGLQJVZLWKUHJDUGWREDVHOLQH&3DVDPRGHUDWRUPD\EHUHODWHGWRWKHVDPSOHFKDUDFWHULVWLFV
7KH FXUUHQW VDPSOH LV DOVR QRYHO FRPSDUHG WR SDUWLFLSDQWV IURP RWKHU SDUHQWLQJ LQWHUYHQWLRQ
VWXGLHV LQ WKUHH UHVSHFWV ZKLFK DUH UHODWHG WR RQH DQRWKHU WKH LQWHUYHQWLRQ RFFXUV DQQXDOO\
DFURVV VHYHUDO \HDUV LW LV UHODWLYHO\ EULHI LQ GXUDWLRQ FRPSDUHG WR HYHQ RWKHU EULHI IDPLO\
FHQWHUHGLQWHUYHQWLRQVHJ,QFUHGLEOH<HDUV3DUHQW0DQDJHPHQW7UDLQLQJ2UHJRQPRGHODQG
FKLOGUHQKDYHEHHQ IROORZHG ORQJLWXGLQDOO\ IRUQHDUO\ DGHFDGH 0DQ\RI WKHRWKHUPRGHUDWRU
VWXGLHV LQYROYH SUHSRVW GHVLJQV RI PRUH VWDQGDUGL]HG RU PDQXDOEDVHG  WR ZHHN
LQWHUYHQWLRQ SURWRFROV  2WKHU VWXGLHVPD\ KDYH ORQJ WHUP IROORZXS EXW YHU\ IHZ LQYROYH D
GHVLJQVLPLODUWRWKDWRIWKHFXUUHQWVWXG\2QHH[FHSWLRQLVWKH)DVW7UDFNLQWHUYHQWLRQDPXOWL
PRGDO LQWHUYHQWLRQ LQFOXGLQJ FKLOG SDUHQW DQG VFKRRO FRPSRQHQWV WKDWZDV DGPLQLVWHUHG IRU
VHYHUDO\HDUVLQZKLFKFKLOGUHQZHUHIROORZHGWKURXJKDGROHVFHQFH$OWKRXJK)DVW7UDFNGLGQRW
EHJLQ LQ WKH WRGGOHUKRRG SHULRG OLNH WKH FXUUHQW (60 VWXG\ FKLOGUHQ ZHUH VFUHHQHG GXULQJ
NLQGHUJDUWHQ  )LQGLQJV IURP)DVW7UDFN KDYH VKRZQ ORZHU V\PSWRPFRXQWV DQG GLDJQRVHV RI
FHUWDLQEHKDYLRUDOGLVRUGHUVDFURVVUGWKWKDQGWKJUDGHVDQGIHZHUVHYHUHDUUHVWVWKURXJK
DJHIRUFKLOGUHQZKRKDGWKHKLJKHVWEDVHOLQHSUREOHPEHKDYLRU&335*
,Q WHUPV RI WKH PDJQLWXGH RI WKHVH PRGHUDWLRQ HIIHFWV LQ DEVROXWH SHUFHQWDJH SRLQWV LQ WKH
KLJKHVW ULVN JURXS WKH ULVN IRU FRQGXFW GLVRUGHU ZDV UHGXFHG E\  WKH ULVN IRU DQ\
H[WHUQDOL]LQJGLVRUGHUE\DQGWKHULVNRIVHYHUHDUUHVWE\,WZLOOEHLQWHUHVWLQJIRU







WKH K\SRWKHVLV WKDW VWURQJHU LQWHUYHQWLRQ HIIHFWV ZRXOG EH IRXQG IRU IDPLOLHV RI FKLOGUHQZLWK
KLJKHU EDVHOLQH &3 FRXOG EH WKH DGGHG VWUHVVRUV VWHPPLQJ IURP WKH FRQWH[WV LQ ZKLFK VRPH
IDPLOLHV OLYH7KH FXUUHQW VWXG\XWLOL]HG DKLJKULVN VDPSOHQRWRQO\ZHUH FKLOGUHQSRWHQWLDOO\
HOHYDWHG RQ &3 DW EDVHOLQH EXW IDPLOLHV DOVR IDFHG YDULRXV RWKHU VWUHVVRUV WKDW FRXOG KDYH
LQIOXHQFHG WKH HIIHFWV RI WKH LQWHUYHQWLRQ$V SUHYLRXVO\ GHVFULEHG HOLJLELOLW\ FULWHULD LQFOXGHG
PHHWLQJ ULVNV LQ DW OHDVW  RI  GRPDLQV GHILQHG DV RQH VWDQGDUG GHYLDWLRQ RU PRUH DERYH
QRUPDWLYH DYHUDJHV RQ D FKLOG EHKDYLRU FRQGXFW SUREOHPV KLJK FRQIOLFW UHODWLRQVKLSVZLWK









$OWKRXJK WKH)&8 LQWHUYHQWLRQKDVGHPRQVWUDWHG HIIHFWVRQRWKHUPHDVXUHVRISRVLWLYH
SDUHQWLQJ LQ SUHYLRXV VWXGLHV HJ 'LVKLRQ HW DO  &KDQJ HW DO LQ SUHVV WKH FXUUHQW
DQDO\VHVIDLOHGWRILQGDQHIIHFWRIWKH)&8RQVORSHRIPDWHUQDOSRVLWLYHQHXWUDOEHKDYLRUDFURVV
FKLOGDJHVWR+RZHYHUWKHUHZHUHGLIIHUHQFHVLQPHDQOHYHOVRISRVLWLYHQHXWUDOEHKDYLRUDW






DFURVV WKH IXOO VDPSOH  ,Q DGGLWLRQ VRPHSUHYLRXVZRUN KDV IRXQG WKDW WKH)&8 LQWHUYHQWLRQ
WHQGV WR ILUVW LPSURYH SRVLWLYH EHKDYLRU DQG VXEVHTXHQWO\ OHDG WR UHGXFWLRQV LQPRUH QHJDWLYH
SDUHQWLQJ SUDFWLFHV VXFK DV FRHUFLRQ  )RU H[DPSOH 6LWQLFN HW DO LQ SUHVV IRXQG WKDW DFURVV
FKLOGDJHVWKURXJKKLJKOHYHOVRISDUHQWFKLOGSRVLWLYHHQJDJHPHQWZHUHDVVRFLDWHGZLWKOHVV
SDUHQWFKLOG FRHUFLRQ WKH IROORZLQJ \HDU $OWKRXJK ZH IRFXVHG RQ SRVLWLYH SDUHQWLQJ DV
LQWHUYHQWLRQVRIWHQ ILQGPRUH VXFFHVVDQGRSHQQHVV IURPIDPLOLHV LI WKH IRFXV LVRQ LQFUHDVLQJ
SRVLWLYH EHKDYLRUV UDWKHU WKDQ LQVWUXFWLQJ SDUHQWV RQ ZKDW QRW WR GR 'LVKLRQ 	 6WRUPVKDN
  LW LV SRVVLEOH WKDW H[DPLQLQJFKDQJHV LQ QHJDWLYHSDUHQWLQJPD\EHPRUH LPSRUWDQW DV
FKLOGUHQ UHDFK HOHPHQWDU\ VFKRRO  )XUWKHU ZRUN H[DPLQLQJ WKH G\QDPLF SURFHVV WKDW RFFXUV
EHWZHHQ SRVLWLYH SDUHQWLQJ DQG KDUVK RU QHJDWLYH SDUHQWLQJ DFURVV WLPH FRXOG KHOS
LQWHUYHQWLRQLVWVUHILQHSURJUDPVWRPRUHH[SOLFLWO\WDUJHWSDUHQWLQJEHKDYLRUVWKDWDUHRIFULWLFDO
LPSRUWDQFHWRWKHRYHUDOOFKDQJHSURFHVV
:LWK UHJDUG WR WKH WUDMHFWRU\ DQDO\VHV DOWKRXJK EDVHOLQH &3 ZDV DVVRFLDWHG ZLWK
OLNHOLKRRGRIJURXSPHPEHUVKLS LQWHUYHQWLRQVWDWXVZDVQRW $Q LPSRUWDQWH[WHQVLRQRI WKHVH
DQDO\VHVZRXOG EH WR H[DPLQHZKHWKHUZLWKLQ GLIIHUHQW WUDMHFWRU\ JURXSV LQWHUYHQWLRQ VWDWXV LV
DVVRFLDWHG ZLWK WKH VORSH RI RSSRVLWLRQDODJJUHVVLYH EHKDYLRU UDWKHU WKDQ VLPSO\ JURXS
PHPEHUVKLSLWVHOIDVEHLQJLQYROYHGLQWKH)&8LQWHUYHQWLRQZRXOGEHH[SHFWHGWREHOLQNHGWR
JUHDWHUGHFOLQHLQ&3LQWKHGHFOLQLQJWUDMHFWRU\JURXSVRUSHUKDSVOHVVLQFUHDVHLQ&3LQWKH
LQFUHDVLQJ WUDMHFWRU\ JURXSV DV FRPSDUHG WR FRQWURO FKLOGUHQ ZLWKLQ WKHVH VDPH JURXSV )RU






WKLV DSSURDFK LV LQ FRQWUDVW WR WKHREMHFWLYHRI UHGXFLQJZLWKLQJURXSYDULDELOLW\ VHH1DJLQ	
2GJHUV  )XUWKHU LW ZRXOG EH LQWHUHVWLQJ WR H[DPLQH GLIIHUHQWLDO LQWHUYHQWLRQ HIIHFWV
EH\RQGVLPSO\DQLQWHQWWRWUHDWGHVLJQDVHQJDJHPHQWLQWKHLQWHUYHQWLRQDFURVVWLPHPD\EHRI
LPSRUWDQFHLQGLIIHUHQWLDWLQJWUDMHFWRULHVRI&3,WFRXOGEHWKDWDVVLJQPHQWWRWKHLQWHUYHQWLRQLV
QRW VSHFLILF HQRXJK WR GLIIHUHQWLDWH WUDMHFWRU\ JURXS PHPEHUVKLS KRZHYHU LGHQWLI\LQJ
LQGLYLGXDOVZKR UHFHLYHG DGHTXDWH GRVDJH YHUVXV WKRVHZKR GLG QRW FRXOG IXUWKHU GLVWLQJXLVK
WUDMHFWRU\JURXSFRPSRVLWLRQDQGKRZPXFKFKDQJHLQ&3LVGHPRQVWUDWHGRYHUWLPH
7KH LQIOXHQFH RI HQJDJHPHQW LQ WKH LQWHUYHQWLRQ PHDVXUHG E\ SDUWLFLSDWLRQ LQ )%
VHVVLRQV RQ SDUHQWLQJ DQG FKLOG RXWFRPHV ZDV YDULHG  $OWKRXJK HQJDJHPHQW ZDV UHODWHG WR
PDWHUQDO SRVLWLYHQHXWUDO EHKDYLRU LQ VRPH FDVHV LW ZDV QRW OLQNHG WR FKDQJHV LQ
RSSRVLWLRQDODJJUHVVLYH EHKDYLRU  2WKHUPRUH ULJRURXV DSSURDFKHV IRU GLIIHUHQWLDWLQJ IDPLOLHV
ZKRHQJDJHYHUVXV WKRVHZKRGRFRXOGSURYLGHPRUHQXDQFHGZD\V RI LGHQWLI\LQJ WKRVHZLWK
PHDQLQJIXOO\ KLJKHU HQJDJHPHQW LQ WKH )&8  )RU H[DPSOH FRPSOLHUDYHUDJH FDXVDO HIIHFW
&$&(PRGHOLQJ HJ'LVKLRQHW DO  -R  LQYROYHV WKH HVWLPDWLRQRIXQREVHUYHG
HQJDJHPHQW DQG QRQHQJDJHPHQW LQ WKH FRQWURO JURXSZKLFK FDQ WKHQ EH FRPSDUHG RYHU WLPH
ZLWKNQRZQHQJDJHPHQWDQGQRQHQJDJHPHQWLQWKHLQWHUYHQWLRQFRQGLWLRQ$VSUHYLRXVO\QRWHG
RQH SULRU VWXG\ZLWK WKH FXUUHQW VDPSOH XWLOL]HG WKLV WHFKQLTXH DQG IRXQG WKDW HIIHFW VL]HV RQ
SDUHQWUHSRUWHG RSSRVLWLRQDO EHKDYLRU DFURVV DJHV  LQFUHDVHG DV D IXQFWLRQ RI HQJDJHPHQW
'LVKLRQ HW DO  7KLV ZRUN FRXOG EH H[WHQGHG WR H[DPLQH ORQJHUWHUP FKLOG &3 DQG
SDUHQWLQJRXWFRPHV)XWXUHVWXGLHVFRXOGDOVRH[DPLQHREVHUYHGHQJDJHPHQW³LQWKHPRPHQW´
E\ XWLOL]LQJ REVHUYDWLRQDO DVVHVVPHQWV RI VHVVLRQV EHWZHHQ SDUHQWV DQG WKHLU WKHUDSLVWV DV










ILQGLQJV GLG QRW H[WHQG WR WKH GXDO SURFHVV JURZWKPRGHO LQYROYLQJPDWHUQDO SRVLWLYHQHXWUDO
EHKDYLRU DQG FKDQJHV LQ RSSRVLWLRQDODJJUHVVLYH EHKDYLRU $V QRWHG WKH RYHUDOO PRGHO
GHPRQVWUDWHGQRQVLJQLILFDQWYDULDQFHIRUWKHVORSHVXJJHVWLQJWKDWDOOLQGLYLGXDOVGHPRQVWUDWHG
VLPLODUJURZWKRYHUWLPH7KHUHIRUHWKHUHZDVOLPLWHGYDULDELOLW\WKDWFRXOGEHH[SODLQHGE\WKH
LQWHUYHQWLRQ RU RWKHU SUHGLFWRUV ,Q DGGLWLRQ WR WKH DIRUHPHQWLRQHG SRVVLELOLW\ RI H[DPLQLQJ
PRUHQHJDWLYHRUKDUVKSDUHQWLQJDV FKLOGUHQ UHDFKVFKRRODJH RWKHUSRWHQWLDOO\ VDOLHQW IDPLO\
SURFHVVIDFWRUVWKDWPD\EHUHOHYDQWDWHDUO\VFKRRODJHVXFKDVSDUHQWFKLOGUHODWLRQVKLSTXDOLW\
PD\ HOXFLGDWH DGGLWLRQDO DYHQXHV WKURXJK ZKLFK WKH )&8 LQWHUYHQWLRQ FRXOG LPSURYH IDPLO\
IXQFWLRQLQJDQGLQWXUQUHGXFHFKLOG&3
2QO\WKHOHVVFRQVHUYDWLYHGXDOSURFHVVJURZWKPRGHOLQYROYLQJPDWHUQDOGHSUHVVLRQDVD
PHGLDWRU VXJJHVWHG WKDW WKH )&8ZDV DVVRFLDWHG ZLWK UHGXFHGPDWHUQDO GHSUHVVLRQ ZKLFK LQ
WXUQZDVDVVRFLDWHGZLWK UHGXFHGJURZWK LQ&3 IRUFKLOGUHQZLWKKLJKEDVHOLQH&3+RZHYHU
QRQHRIWKHRWKHUPRGHOVIRXQGDQLQWHUYHQWLRQHIIHFWRQJURZWKLQGHSUHVVLRQDOWKRXJKWKHPRUH
FRQVHUYDWLYHPXOWLJURXSPRGHO ZDV IRXQG WR GHPRQVWUDWH D VLJQLILFDQW VORSH WR VORSH HIIHFW














)LUVW WKHSDUWLFLSDQWVZHUHUHFUXLWHG WKURXJK:,&FHQWHUVDQGZHUH WDUJHWHGEDVHGRQPHHWLQJ
ULVNFULWHULDLQIDPLO\FKLOGDQGRUVRFLRGHPRJUDSKLFGRPDLQV$OWKRXJKIRFXVLQJRQDKLJKULVN
VDPSOHLVFHUWDLQO\LPSRUWDQWDQGFRXOGEHFRQVLGHUHGDVWUHQJWKWKHVDPSOHLVQRWUHSUHVHQWDWLYH
RI WKH SRSXODWLRQ DW ODUJH2QH UHDVRQ WKLV LV SDUWLFXODUO\ LPSRUWDQW LQ LQWHUSUHWLQJ WKH FXUUHQW
UHVXOWVLVWKDWSUHYLRXVPRGHUDWRUVWXGLHVKDYHGHPRQVWUDWHGGLIIHUHQFHVLQOLNHOLKRRGRIILQGLQJ
PRGHUDWLRQE\EDVHOLQHULVNDVDFRQVHTXHQFHRIFKDUDFWHULVWLFVRIWKHVDPSOH6WXGLHVLQZKLFK
DOO FKLOGUHQ DUH FOLQLFDOO\ HOHYDWHG DW EDVHOLQH RIWHQ ILQG QR VLJQLILFDQW PRGHUDWLRQ *DUGQHU
+XWFKLQJV %\ZDWHU 	 :KLWDNHU  /DYLJQH HW DO  ZKHUHDV IRU WKRVH LQYROYLQJ
VDPSOHV LQ ZKLFK QRW DOO FKLOGUHQ ZHUH FOLQLFDOO\ HOHYDWHG WKH PRUH SUREOHPDWLF D FKLOG¶V
EHKDYLRUZDVUDWHGDWEDVHOLQHWKHJUHDWHUFKDQJHLQSUREOHPEHKDYLRURFFXUUHG&KDPEHUODLQHW
DO 0 -5HLG HW DO  6KDZ HW DO  7HLQ 6DQGOHU0DF.LQQRQ	:ROFKLN
$V WKH FXUUHQW VDPSOHRI FKLOGUHQZHUH DERYHPHDQ VFRUHVRQEDVHOLQH&3 DOWKRXJKD







DJH WRDJH  ,Q ORQJLWXGLQDO VWXGLHV LQYROYLQJ \RXQJFKLOGUHQ WKHUH LVD WHQVLRQEHWZHHQ
FDSWXULQJ GHYHORSPHQWDOO\ DSSURSULDWH LQGLFDWRUV RI FKLOG SUREOHPEHKDYLRUZKLOH DW WKH VDPH
WLPHHQDEOLQJUHVHDUFKHUVWRPRGHOJURZWKLQDVLQJXODUFRQVWUXFWRYHUWLPH3LHFHZLVHJURZWK
PRGHOLQJ PD\ EH DQ LPSRUWDQW IXWXUH GLUHFWLRQ WR DOORZ IRU WKH PRVW GHYHORSPHQWDOO\
PHDQLQJIXOPHDVXUHVRIEHKDYLRUWREHFDSWXUHGDW\RXQJHUYHUVXVROGHUDJHVZKLFKZRXOGWKHQ
DOORZ IRU DVVRFLDWLRQVEHWZHHQ DPRUH FRPSUHKHQVLYH VHW RI HDUOLHU LQGLFDWRUVRI&3DQG ODWHU
LQGLFDWRUV RI &3 WR EH H[SORUHG )RU H[DPSOH LQ WKH WRGGOHUKRRG SHULRG UREXVW LQGLFDWRUV RI
XQGHUO\LQJFRQGXFWSUREOHPVPD\EHGLIIHUHQW WKDQ WKRVH IRXQGGXULQJ WKH VFKRRO DJHSHULRG
DQGDVVRFLDWLRQVEHWZHHQHDUOLHUDQGODWHULQGLFDWRUVFRXOGEHH[DPLQHG
7KHUH ZHUH DOVR VRPH PHWKRGRORJLFDO OLPLWDWLRQV WR WKH FXUUHQW VWXG\ ,W PD\ EH
FRQVLGHUHG GLIILFXOW WR GUDZ ILUP FRQFOXVLRQV IURP WKH UHVXOWV EDVHG RQ WKH GLIIHUHQFHV
GHPRQVWUDWHG LQ WKHPRUH DQG OHVV FRQVHUYDWLYHPXOWLJURXSPRGHOLQJ IUDPHZRUNV $OWKRXJK
WKLV ³GXDO´ DSSURDFK ZDV FKRVHQ WR EH FRPSUHKHQVLYH DQG WUDQVSDUHQW LQ KRZ WKHVH UHVHDUFK
TXHVWLRQVZHUH H[DPLQHG WKH LPSRUWDQW GLVFUHSDQFLHV VXJJHVWV WKDW DQ\ GLIIHUHQFHV WKDWZHUH
GHPRQVWUDWHGZLWKOHVVFRQVHUYDWLYHPRGHOLQJWHFKQLTXHVPD\QRWEHDVWUXVWZRUWK\7KHPRUH












$OWKRXJK WHDFKHU UHSRUWV RI FKLOG &3 ZHUH DYDLODEOH DW VRPH DVVHVVPHQW SRLQWV DQG
REVHUYDWLRQDOPHDVXUHVZHUHXVHGZKHQDYDLODEOHPRWKHUVUHSRUWHGRQGHSUHVVLYHV\PSWRPVDQG
FKLOGSUREOHPEHKDYLRU([SHULPHQWDOUDQGRPL]HGFRQWUROOHGWULDOVGRSURWHFWDJDLQVWLQIRUPDQW
ELDV WR VRPH H[WHQW EXW DGGLWLRQDOPHDVXUHV RI SDUHQWDO DQG FKLOG YDULDEOHV WKURXJKPXOWLSOH
PHDQV VXFK DV REVHUYDWLRQV DQG SHHU UHSRUWVZRXOG DOVR EH RI YDOXH  ,Q DGGLWLRQ WKHUH DUH D




2QH HQFRXUDJLQJ ILQGLQJ IURP WKH PRUH FRQVHUYDWLYH PXOWLJURXS PRGHOV LV WKDW WKH UDWH RI
FKDQJH LQ FKLOG RSSRVLWLRQDODJJUHVVLYH EHKDYLRU ZDV FRQVLVWHQWO\ IRXQG WR EH VWHHSHU IRU
FKLOGUHQZLWKKLJKHUEDVHOLQH&37KLVFRXOGEHGHPRQVWUDWLQJUHJUHVVLRQ WR WKHPHDQEXW WKH
VLJQLILFDQW RYHUDOO )&8 HIIHFWV DQG IDLOXUH WR ILQG OHVV FKDQJH IRU FKLOGUHQZLWK KLJKHU YHUVXV
ORZHU EDVHOLQH &3 LV SURPLVLQJ 6KRZLQJ WKDW LQGLYLGXDOV ZLWK WKH PRVW HOHYDWHG SUREOHP
EHKDYLRUEHQHILWIURPLQWHUYHQWLRQVLVHQFRXUDJLQJDQGSURYLGHVHYLGHQFHDJDLQVWWKHQRWLRQWKDW





&OLQLFDO VLJQLILFDQFH RI FKDQJH LQ EHKDYLRU ZRXOG EH DQRWKHU LPSRUWDQW LQGLFDWRU RI
LQWHUYHQWLRQ HIIHFWV WR SXUVXH LQ IXWXUH VWXGLHV  *URZWK LQ &3 RYHU WLPH SURYLGHV YDOXDEOH
LQIRUPDWLRQ DERXW KRZ EHKDYLRU PD\ GHFOLQH RU LQFUHDVH PRUH JHQHUDOO\ EXW DQDO\VHV
H[DPLQLQJ PHDQLQJIXO FKDQJH VFRUHV RU H[SORULQJ SHUFHQWDJHV RI FKLOGUHQ ZKR IDOO ZLWKLQ
FOLQLFDO UDQJHV DW HDFK ZDYH DQG LPSURYH DW WKH VXEVHTXHQW ZDYH ZRXOG SURYLGH YDOXDEOH
LQIRUPDWLRQDERXWRYHUDOOIXQFWLRQLQJFRPSDUHGWRQRUPDWLYHDQGFOLQLFDOVDPSOHV
 6XPPDU\
7KHSUHVHQWVWXG\GHPRQVWUDWHG WKDW WKH)&8LQWHUYHQWLRQZDVHIIHFWLYH LQ UHGXFLQJJURZWK LQ
FKLOG&3DFURVVDJHVWR7KHUHVXOWVDGYDQFHRXUXQGHUVWDQGLQJRIWKHLQIOXHQFHRIEDVHOLQH
&3RQ WKH HIIHFWLYHQHVV RI WKH)&8 LQWHUYHQWLRQ VXJJHVWLQJ WKDW EDVHOLQH&3PD\KDYH VRPH
OLPLWHGLQIOXHQFHEXWRQWKHZKROH LWLVQRWRYHUZKHOPLQJO\SUHGLFWLYHRI LQWHUYHQWLRQHIIHFWV
6LPLODUO\ OHYHO RI HQJDJHPHQW LQ WKH LQWHUYHQWLRQ DV PHDVXUHG E\ )% VHVVLRQV DWWHQGHG KDV




FKLOGUHQDQG IDPLOLHV LQYROYHG LQSDUHQWLQJ LQWHUYHQWLRQVDUHQRW UHDFKLQJ WKHEHQHILW WKDW WKH\








 dŽƚĂůƐĂŵƉůĞ WŝƚƚƐďƵƌŐŚ ƵŐĞŶĞ ŚĂƌůŽƚƚĞƐǀŝůůĞ
ZĂĐĞ    
ĨƌŝĐĂŶŵĞƌŝĐĂŶ Ϯϳ͘ϵй ϱϬ͘ϰй ϭ͘ϱй ϯϯ͘ϱй
ƵƌŽƉĞĂŶŵĞƌŝĐĂŶ ϱϬ͘ϭй ϯϴ͘ϭй ϳϬ͘Ϭй ϯϵ͘ϰй
ŝƌĂĐŝĂů ϭϯ͘Ϭй ϭϬ͘Ϭй Ϯϯ͘ϱй ϭϱ͘ϰй
KƚŚĞƌ ϴ͘ϵй ϭ͘ϱй ϱ͘Ϭй ϭϭ͘ϳй
ƚŚŶŝĐŝƚǇ    









ŚŝůĚŐĞŶĚĞƌ ϰϵ͘ϱйĨĞŵĂůĞ ϰϵ͘ϲйĨĞŵĂůĞ ϰϵ͘ϴйĨĞŵĂůĞ ϰϴ͘ϵйĨĞŵĂůĞ









ĚƵĐĂƚŝŽŶ    
,ŝŐŚƐĐŚŽŽů ϰϭ͘Ϭй ϰϮ͘ϱй ϯϵ͘ϱй ϰϬ͘Ϭй
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ŐĞϰ Ϭ͘ϰϯϰ;Ϭ͘ϭϰϯͿ Ϭ͘ϰϱϬ;Ϭ͘ϭϱϬͿ ŶƐ;Ɖс͘ϭϵϳͿ
ŐĞϱ Ϭ͘ϱϭϲ;Ϭ͘ϭϰϮͿ Ϭ͘ϱϯϱ;Ϭ͘ϭϰϲͿ ŶƐ;Ɖс͘ϭϮϬͿ




ŐĞϮ ϱ͘ϭϬϮ;Ϯ͘ϱϲϬͿ ϱ͘ϯϭϵ;Ϯ͘ϳϴϱͿ ŶƐ;Ɖс͘ϮϳϰͿ
ŐĞϯ ϰ͘ϰϰϬ;Ϯ͘ϳϲϯͿ ϰ͘ϯϵϵ;Ϯ͘ϴϬϲͿ ŶƐ;Ɖс͘ϴϱϮͿ
ŐĞϰ ϰ͘ϭϰϮ;Ϯ͘ϳϳϰͿ ϯ͘ϳϰϴ;Ϯ͘ϴϲϯͿ Ɖс͘ϬϴϭΏ
ŐĞϱ ϯ͘ϳϲϵ;Ϯ͘ϵϬϮͿ ϯ͘ϰϰϵ;Ϯ͘ϴϬϮͿ ŶƐ;Ɖс͘ϭϲϲͿ
ŐĞϳ ϯ͘ϴϳϵ;ϯ͘ϬϭϳͿ ϯ͘ϳϴϴ;ϯ͘ϮϱϬͿ ŶƐ;Ɖс͘ϳϮϴͿ
ŐĞϴ ϯ͘Ϭϳϯ;Ϯ͘ϵϲϭͿ ϯ͘ϭϱϰ;ϯ͘ϬϮϮͿ ŶƐ;Ɖс͘ϳϱϬͿ
ŐĞϵ ϯ͘Ϭϵϲ;Ϯ͘ϵϭϯͿ Ϯ͘ϴϳϰ;Ϯ͘ϳϴϵͿ ŶƐ;Ɖс͘ϯϰϲͿ




ŐĞϮ ϮϬ͘ϱϳϬ;ϳ͘ϬϰϬͿ ϮϬ͘ϴϯϰ;ϳ͘ϱϱϭͿ ŶƐ;Ɖс͘ϲϮϲͿ
ŐĞϯ ϭϳ͘ϴϲϮ;ϴ͘ϭϲϰͿ ϭϳ͘ϲϭϱ;ϳ͘ϵϰϭͿ ŶƐ;Ɖс͘ϲϵϰͿ
ŐĞϰ ϭϲ͘ϲϵϬ;ϴ͘ϮϵϬͿ ϭϱ͘Ϭϲϯ;ϴ͘ϴϵϯͿ Ɖф͘ϬϱΎ
ŐĞϱ ϭϮ͘Ϭϱϭ;ϴ͘ϰϴϰͿ ϭϭ͘ϭϯϬ;ϴ͘ϮϬϵͿ ŶƐ;Ɖс͘ϭϳϯͿ
ŐĞϳ ϭϮ͘ϵϲϮ;ϵ͘ϮϯϰͿ ϭϮ͘ϳϮϯ;ϵ͘ϵϬϮͿ ŶƐ;Ɖс͘ϳϲϲͿ
ŐĞϴ ϭϭ͘Ϭϰϱ;ϵ͘ϱϲϬͿ ϭϬ͘ϳϱϳ;ϵ͘ϭϰϬͿ ŶƐ;Ɖс͘ϳϭϳͿ
ŐĞϵ ϭϭ͘ϭϭϯ;ϴ͘ϵϵϮͿ ϭϬ͘Ϯϳϳ;ϵ͘ϬϳϮͿ ŶƐ;Ɖс͘ϮϲϯͿ




ŐĞϮ ϭϮϵ͘ϰϬϰ;Ϯϳ͘ϱϮϯͿ ϭϮϳ͘ϰϲϬ;Ϯϴ͘ϲϭϯͿ ŶƐ;Ɖс͘ϯϱϬͿ
ŐĞϯ ϭϯϬ͘ϭϯϰ;ϯϭ͘ϱϴϳͿ ϭϮϱ͘ϳϴϲ;ϯϯ͘ϴϰϳͿ Ɖс͘ϬϵΏ
ŐĞϰ ϭϮϴ͘ϰϯϭ;ϯϮ͘ϯϬϲͿ ϭϭϵ͘ϲϲϭ;ϯϰ͘ϲϲϰͿ Ɖф͘ϬϭΎΎ
ŐĞϱ ϭϮϬ͘ϭϳϬ;ϯϰ͘ϱϰϭͿ ϭϭϲ͘ϲϯϬ;ϯϱ͘ϯϯϲͿ ŶƐ;Ɖс͘ϮϭϬͿ
ŐĞϴ ϭϬϰ͘ϴϭϮ;ϯϵ͘ϳϭϵͿ ϭϬϭ͘ϲϰϱ;ϯϴ͘ϳϰϰͿ ŶƐ;Ɖс͘ϯϰϰͿ




ŐĞϮ ϭϰ͘ϮϬϵ;ϲ͘ϱϭϳͿ ϭϰ͘ϭϰϴ;ϲ͘ϰϴϭͿ ŶƐ;Ɖс͘ϴϵϵͿ
ŐĞϯ ϭϰ͘ϲϴϱ;ϳ͘ϵϮϲͿ ϭϰ͘Ϭϰϴ;ϳ͘ϳϲϴͿ ŶƐ;Ɖс͘ϯϬϭͿ






KƵƚĐŽŵĞsĂƌŝĂďůĞ DĞĂŶ;^Ϳ DĞĂŶ;^Ϳ 
 ŽŶƚƌŽů'ƌŽƵƉ dƌĞĂƚŵĞŶƚ'ƌŽƵƉ WǀĂůƵĞ
ŐĞϱ ϭϰ͘ϬϮϲ;ϴ͘ϳϬϭͿ ϭϯ͘ϰϮϵ;ϴ͘ϳϯϳͿ ŶƐ;Ɖс͘ϯϵϳͿ
ŐĞϴ ϵ͘ϵϬϰ;ϵ͘ϬϬϱͿ ϵ͘ϰϲϯ;ϴ͘ϱϵϭͿ ŶƐ;Ɖс͘ϱϲϯͿ




ŐĞϳ Ϯ͘ϭϲϰ;ϯ͘ϬϵϳͿ ϭ͘ϳϱϯ;ϯ͘ϬϲϮͿ ŶƐ;Ɖс͘ϮϰϬͿ
ŐĞϴ Ϯ͘ϬϬϬ;ϯ͘ϮϮϵͿ ϭ͘ϵϭϴ;ϯ͘ϭϳϵͿ ŶƐ;Ɖс͘ϴϬϯͿ
ŐĞϵ Ϯ͘Ϭϰϭ;ϯ͘ϮϵϬͿ ϭ͘ϳϲϮ;Ϯ͘ϲϲϴͿ ŶƐ;Ɖс͘ϯϲϮͿ




ŐĞϳ ϴ͘ϲϮϯ;ϭϬ͘ϱϯϮͿ ϲ͘ϴϳϬ;ϵ͘ϲϳϴͿ ŶƐ;Ɖс͘ϭϮϱͿ
ŐĞϴ ϴ͘Ϯϵϴ;ϭϬ͘ϳϯϭͿ ϳ͘ϲϱϵ;ϭϬ͘ϬϭϳͿ ŶƐ;Ɖс͘ϱϱϬͿ
ŐĞϵ ϴ͘ϯϱϱ;ϭϭ͘ϬϬϲͿ ϲ͘ϳϮϯ;ϴ͘ϰϯϭͿ Ɖс͘ϭϬΏ




























DĂƚĞƌŶĂůƉŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϯ ͘Ϭϴϳ;Ɖс͘ϬϵϰͿΏ ͘ϭϮϲ;Ɖф͘ϬϭͿΎΎ Ͳ͘Ϭϲϳ;Ɖс͘ϭϵϰͿ
DĂƚĞƌŶĂůƉŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϰ ͘ϬϮϲ;Ɖс͘ϲϮϱͿ ͘ϬϲϮ;Ɖс͘ϬϵϳͿ ͘ϬϮϮ;Ɖс͘ϲϴϴͿ







DĂƚĞƌŶĂůƉŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϯ ͘ϭϮϲ;Ɖф͘ϬϭͿΎΎ ͘ϭϵϴ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϭϯϯ;Ɖф͘ϬϱͿΎ
DĂƚĞƌŶĂůƉŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϰ ͘Ϭϵϭ;Ɖс͘ϬϴϰͿΏ ͘ϭϬϰ;Ɖф͘ϬϱͿΎ Ͳ͘Ϭϳϱ;Ɖс͘ϮϯϲͿ




























KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϯ ͘ϰϭϴ;Ɖф͘ϬϭͿΎ ͘ϬϬϰ;Ɖс͘ϵϭϭͿ Ͳ͘ϬϱϮ;Ɖс͘ϯϮϰͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϰ ͘ϯϴϬ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϱϱ;Ɖс͘ϭϯϲͿ Ͳ͘Ϭϰϳ;Ɖс͘ϯϴϵͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϱ ͘ϯϴϬ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϱϯ;Ɖс͘ϭϱϵͿ Ͳ͘ϬϳϬ;Ɖс͘ϭϵϲͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ ͘Ϯϳϯ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϬϳ;Ɖс͘ϴϳϬͿ Ͳ͘ϬϮϱ;Ɖс͘ϲϳϯͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ ͘Ϯϲϳ;Ɖф͘ϬϭͿΎ ͘ϬϮϳ;Ɖс͘ϱϬϴͿ Ͳ͘ϬϰϮ;Ɖс͘ϰϵϱͿ






KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϯ ͘ϯϯϵ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϬϱ;Ɖс͘ϵϮϰͿ ͘ϬϬϴ;Ɖс͘ϴϵϱͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϰ ͘ϯϯϰ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϰϱ;Ɖс͘ϯϴϭͿ Ͳ͘ϬϮϲ;Ɖс͘ϲϳϱͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϱ ͘ϯϮϲ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϯϱ;Ɖс͘ϰϴϵͿ Ͳ͘ϬϮϴ;Ɖс͘ϲϱϵͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ ͘ϮϮϲ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϮϳ;Ɖс͘ϲϮϬͿ ͘Ϭϰϰ;Ɖс͘ϱϬϯͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ ͘ϭϵϲ;Ɖф͘ϬϭͿΎ ͘Ϭϭϭ;Ɖс͘ϴϰϭͿ ͘Ϭϰϭ;Ɖс͘ϱϰϬͿ






ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϯ ͘ϰϰϲ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϬϮ;Ɖс͘ϵϱϬͿ Ͳ͘Ϭϱϰ;Ɖс͘ϯϬϳͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϰ ͘ϯϮϳ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϴϱ;Ɖф͘ϬϱͿΎ ͘ϬϮϭ;Ɖс͘ϳϬϭͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϱ ͘ϯϱϱ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϱϬ;Ɖс͘ϭϵϱͿ Ͳ͘ϬϲϬ;Ɖс͘ϮϴϬͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘Ϯϱϵ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϬϱ;Ɖс͘ϴϵϱͿ ͘ϬϬϵ;Ɖс͘ϴϴϭͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ ͘ϯϭϲ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϬϯ;Ɖс͘ϵϯϰͿ Ͳ͘Ϭϳϲ;Ɖс͘ϮϬϵͿ






ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϯ ͘ϯϰϱ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϮϲ;Ɖс͘ϱϴϱͿ ͘Ϭϯϳ;Ɖс͘ϱϯϴͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϰ ͘Ϯϳϱ;Ɖф͘ϬϭͿΎ Ͳ͘ϭϮϳ;Ɖф͘ϬϱͿΎ ͘ϬϳϮ;Ɖс͘ϮϱϯͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϱ ͘Ϯϳϰ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϱϱ;Ɖс͘ϮϵϱͿ ͘Ϭϭϯ;Ɖс͘ϴϰϬͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘Ϯϭϲ;Ɖф͘ϬϭͿΎ Ͳ͘Ϭϰϴ;Ɖс͘ϯϳϱͿ ͘Ϭϴϰ;Ɖс͘ϮϬϭͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ ͘ϮϬϵ;Ɖф͘ϬϭͿΎ Ͳ͘ϬϮϬ;Ɖс͘ϳϭϲͿ ͘Ϭϰϯ;Ɖс͘ϱϮϯͿ










7DEOH  +LHUDUFKLFDO0XOWLSOH 5HJUHVVLRQ $QDO\VHV ([SORULQJ %DVHOLQH &3 DV D0RGHUDWRU RQ
&KLOG%HKDYLRU2XWFRPHV$OO0RGHOV,QFOXGH&KLOG*HQGHU5DFH(WKQLFLW\6LWHDQG,QFRPH

ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϰ ͘ϯϵϵ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϭϭϰ;Ɖф͘ϬϭͿΎΎ ͘ϬϮϴ;Ɖс͘ϱϵϲͿ
ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϱ ͘ϰϱϭ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϰϮ;Ɖс͘ϮϲϬͿ Ͳ͘Ϭϱϴ;Ɖс͘ϮϳϵͿ






ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϯ ͘ϯϴϰ;Ɖф͘ϬϭͿΎΎ Ͳ͘Ϭϴϭ;Ɖс͘ϬϵϲͿ ͘ϬϱϮ;Ɖс͘ϯϴϴͿ
ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϰ ͘ϯϰϭ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϭϱϯ;Ɖф͘ϬϭͿΎΎ ͘Ϭϲϱ;Ɖс͘ϮϵϯͿ
ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϱ ͘ϯϱϭ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϯϮ;Ɖс͘ϱϯϲͿ Ͳ͘Ϭϭϯ;Ɖс͘ϴϯϴͿ






ǇďĞƌŐWƌŽďůĞŵĂŐĞϯ ͘ϯϬϴ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϯϮ;Ɖс͘ϯϵϲͿ ͘Ϭϭϱ;Ɖс͘ϳϴϲͿ
ǇďĞƌŐWƌŽďůĞŵĂŐĞϰ ͘ϭϴϲ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϳϮ;Ɖс͘ϬϲϮͿΏ ͘ϭϮϭ;Ɖф͘ϬϱͿΎΎ
ǇďĞƌŐWƌŽďůĞŵĂŐĞϱ ͘ϯϬϯ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϮϲ;Ɖс͘ϱϬϳͿ ͘Ϭϭϳ;Ɖс͘ϳϲϮͿ






ǇďĞƌŐWƌŽďůĞŵĂŐĞϯ ͘Ϯϲϯ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϵϮ;Ɖс͘ϬϲϴͿΏ ͘ϭϬϲ;Ɖс͘ϬϵϮͿΏ
ǇďĞƌŐWƌŽďůĞŵĂŐĞϰ ͘ϭϱϲ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϭϴϮ;Ɖф͘ϬϭͿΎΎ ͘ϭϵϮ;Ɖф͘ϬϭͿΎΎ
ǇďĞƌŐWƌŽďůĞŵĂŐĞϱ ͘ϮϬϮ;Ɖф͘ϬϭͿΎΎ Ͳ͘Ϭϵϯ;Ɖс͘ϬϴϬͿΏ ͘ϭϮϴ;Ɖс͘ϬϱϭͿΎ






KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ Ͳ͘Ϭϰϳ;Ɖс͘ϱϴϲͿ Ͳ͘Ϭϰϴ;Ɖс͘ϯϴϲͿ ͘ϭϬϯ;Ɖс͘ϮϯϭͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ Ͳ͘Ϭϰϵ;Ɖс͘ϱϯϳͿ Ͳ͘ϬϬϵ;Ɖс͘ϴϱϱͿ ͘Ϭϵϵ;Ɖс͘ϮϭϭͿ





KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ Ͳ͘ϬϭϬ;Ɖс͘ϵϬϮͿ Ͳ͘ϭϬϮ;Ɖс͘ϭϳϱͿ ͘ϭϬϭ;Ɖс͘ϮϳϬͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ ͘ϬϬϵ;Ɖс͘ϴϵϱͿ Ͳ͘ϬϬϱ;Ɖс͘ϵϰϯͿ Ͳ͘ϬϬϵ;Ɖс͘ϵϬϵͿ





KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ ͘Ϭϴϭ;Ɖс͘ϮϴϲͿ Ͳ͘ϬϲϮ;Ɖс͘ϮϱϳͿ ͘Ϭϳϴ;Ɖс͘ϯϭϬͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ Ͳ͘ϬϭϬ;Ɖс͘ϴϵϴͿ Ͳ͘ϬϰϬ;ƉͲ͘ϰϰϬͿ ͘ϭϭϬ;Ɖс͘ϭϯϳͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϵ͘ϱ ͘Ϭϴϰ;Ɖс͘ϮϰϰͿ Ͳ͘Ϭϭϲ;Ɖс͘ϳϰϲͿ Ͳ͘Ϭϱϵ;Ɖс͘ϰϭϳͿ








KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ ͘Ϭϯϰ;Ɖс͘ϲϱϳͿ Ͳ͘ϭϮϱ;Ɖс͘ϬϱϴͿΏ ͘ϭϬϵ;Ɖс͘ϭϵϯͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ ͲϬϬϵ;Ɖс͘ϵϬϮͿ Ͳ͘ϬϵϮ;Ɖс͘ϭϰϵͿ ͘ϭϬϯ;Ɖс͘ϭϵϬͿ






ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ Ͳ͘ϬϯϮ;Ɖс͘ϳϬϵͿ Ͳ͘ϬϳϬ;Ɖс͘ϮϬϰͿ ͘Ϭϴϳ;Ɖс͘ϯϭϰͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ Ͳ͘Ϭϲϰ;Ɖс͘ϰϭϱͿ Ͳ͘ϬϮϵ;Ɖс͘ϱϳϭͿ ͘Ϭϵϴ;Ɖс͘ϮϭϯͿ





ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘ϬϬϴ;Ɖс͘ϵϮϯͿ Ͳ͘Ϭϭϰ;Ɖс͘ϭϮϴͿ ͘Ϭϴϰ;Ɖс͘ϯϲϮͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ Ͳ͘Ϭϭϲ;Ɖс͘ϴϮϯͿ Ͳ͘Ϭϯϭ;Ɖс͘ϲϰϳͿ ͘ϬϬϯ;Ɖс͘ϵϳϱͿ





ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘ϭϬϮ;Ɖс͘ϭϴϭͿ Ͳ͘Ϭϴϯ;Ɖс͘ϭϯϬͿ ͘ϬϲϬ;Ɖс͘ϰϮϵͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ ͘ϬϰϬ;Ɖс͘ϱϵϭͿ Ͳ͘Ϭϱϰ;Ɖс͘ϮϵϵͿ ͘Ϭϳϱ;Ɖс͘ϯϬϳͿ





ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘ϬϮϮ;Ɖс͘ϳϳϮͿ Ͳ͘ϭϰϱ;Ɖс͘ϬϮϵͿΎ ͘ϭϬϱ;Ɖс͘ϮϭϮͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ ͘ϬϮϴ;Ɖс͘ϲϵϮͿ Ͳ͘Ϭϴϳ;Ɖс͘ϭϳϯͿ ͘Ϭϱϲ;Ɖс͘ϰϲϵͿ

































































































































WŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϰ ͘Ϭϭϳ;Ɖс͘ϳϲϴͿ;ĂŐĞϯͿ ͘ϬϳϬ;Ɖс͘ϬϲϵͿΏ ͘ϬϮϭ;Ɖс͘ϳϬϴͿ








WŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϰ ͘ϬϭϬ;Ɖс͘ϴϰϲͿ;ĂŐĞϯͿ ͘Ϭϰϴ;Ɖс͘ϯϲϭͿ ͘Ϭϰϭ;Ɖс͘ϱϭϴͿ
WŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϱ Ͳ͘ϬϬϮ;Ɖс͘ϵϲϯͿ;ĂŐĞϰͿ ͘ϬϴϮ;Ɖс͘ϬϵϯͿΏ Ͳ͘Ϭϯϴ;Ɖс͘ϱϮϵͿ

7DEOH+LHUDUFKLFDO0XOWLSOH5HJUHVVLRQ$QDO\VHV([SORULQJ WKH3UHYLRXV0HDVXUHRI&3DVD








KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϰ ͘ϲϭϮ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘ϬϮϴ;Ɖс͘ϰϬϴͿ Ͳ͘Ϭϴϵ;Ɖс͘ϬϳϯͿΏ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϱ ͘ϱϱϬ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ Ͳ͘ϬϬϵ;Ɖс͘ϴϬϰͿ Ͳ͘Ϭϱϯ;Ɖс͘ϯϬϱͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ ͘ϱϮϱ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ ͘Ϭϭϴ;Ɖс͘ϲϮϵͿ Ͳ͘ϬϰϬ;Ɖс͘ϰϯϲͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ ͘ϱϮϲ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ ͘Ϭϱϵ;Ɖс͘ϭϯϭͿ Ͳ͘Ϭϳϭ;Ɖс͘ϭϴϳͿ






KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϰ ͘ϰϵϱ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘Ϭϭϳ;Ɖс͘ϳϮϳͿ Ͳ͘Ϭϯϳ;Ɖс͘ϱϮϬͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϱ ͘ϰϭϭ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ Ͳ͘ϬϮϬ;Ɖс͘ϲϳϱͿ Ͳ͘Ϭϰϱ;Ɖс͘ϰϱϬͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϳ͘ϱ ͘ϰϭϯ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ Ͳ͘ϬϬϰ;Ɖс͘ϵϰϬͿ Ͳ͘ϬϬϮ;Ɖс͘ϵϲϳͿ
KƉƉŽƐŝƚŝŽŶĂůͬĂŐŐƌĞƐƐŝǀĞĂŐĞϴ͘ϱ ͘ϯϮϮ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ ͘Ϭϱϰ;Ɖс͘ϯϯϰͿ Ͳ͘ϬϮϱ;Ɖс͘ϳϭϭͿ






ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϰ ͘ϱϴϯ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘Ϭϲϭ;Ɖс͘ϬϳϯͿΏ Ͳ͘Ϭϱϲ;Ɖс͘ϮϲϭͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϱ ͘ϲϬϯ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ ͘ϬϬϮ;Ɖс͘ϵϰϳͿ Ͳ͘ϬϴϮ;Ɖс͘ϭϭϭͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘ϱϲϲ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ ͘Ϭϭϵ;Ɖс͘ϲϬϮͿ Ͳ͘ϬϳϮ;Ɖс͘ϭϱϲͿ





0RGHUDWRU RQ &KLOG %HKDYLRU 2XWFRPHV $OO 0RGHOV ,QFOXGH &KLOG *HQGHU 5DFH(WKQLFLW\ 6LWH DQG
,QFRPH






ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϰ ͘ϰϳϮ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘Ϭϲϲ;Ɖс͘ϭϲϲͿ Ͳ͘ϬϬϰ;Ɖс͘ϵϰϲͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϱ ͘ϰϲϮ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ Ͳ͘ϬϬϰ;Ɖс͘ϵϯϴͿ Ͳ͘Ϭϱϳ;Ɖс͘ϯϮϵͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϳ͘ϱ ͘ϰϮϰ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ ͘ϬϬϲ;Ɖс͘ϵϬϳͿ Ͳ͘ϬϮϭ;Ɖс͘ϳϮϮͿ
ǆƚĞƌŶĂůŝǌŝŶŐĂŐĞϴ͘ϱ ͘ϰϱϳ;Ɖф͘ϬϭͿ;ĂŐĞϱͿΎΎ ͘Ϭϰϯ;Ɖс͘ϯϳϳͿ Ͳ͘ϬϳϬ;Ɖс͘ϮϰϵͿ






ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϰ ͘ϲϳϰ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘Ϭϵϭ;Ɖф͘ϬϭͿΎΎ Ͳ͘ϬϮϴ;Ɖс͘ϱϮϱͿ
ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϱ ͘ϳϱϱ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ ͘ϬϮϮ;Ɖс͘ϰϱϴͿ Ͳ͘Ϭϲϰ;Ɖс͘ϭϰϲͿ








ǇďĞƌŐ/ŶƚĞŶƐŝƚǇĂŐĞϱ ͘ϱϵϯ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ ͘ϬϬϰ;Ɖс͘ϵϮϴͿ Ͳ͘Ϭϱϱ;Ɖс͘ϯϬϴͿ






ǇďĞƌŐWƌŽďůĞŵĂŐĞϰ ͘ϱϲϯ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘Ϭϰϭ;Ɖс͘ϮϰϲͿ Ͳ͘Ϭϱϵ;Ɖс͘ϮϱϲͿ
ǇďĞƌŐWƌŽďůĞŵĂŐĞϱ ͘ϱϯϰ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ ͘ϬϮϱ;Ɖс͘ϰϴϳͿ ͘Ϭϯϰ;Ɖс͘ϱϭϱͿ





ǇďĞƌŐWƌŽďůĞŵĂŐĞϰ ͘ϰϮϬ;Ɖф͘ϬϭͿ;ĂŐĞϯͿΎΎ Ͳ͘Ϭϲϳ;Ɖс͘ϭϴϬͿ ͘Ϭϯϭ;Ɖс͘ϲϬϳͿ
ǇďĞƌŐWƌŽďůĞŵĂŐĞϱ ͘ϰϮϵ;Ɖф͘ϬϭͿ;ĂŐĞϰͿΎΎ Ͳ͘Ϭϰϵ;Ɖс͘ϮϵϰͿ ͘ϬϴϮ;Ɖс͘ϭϱϳͿ





















































































































































EƵŵďĞƌŽĨ'ƌŽƵƉƐ / / ŶƚƌŽƉǇ
Ϯ ϭϲϲϵϭ͘ϯϯ ϭϲϲϱϬ͘Ϭϱ Ϭ͘ϴϳϳ
ϯ ϭϲϯϱϰ͘ϵϴ ϭϲϯϬϭ͘Ϭϭ Ϭ͘ϳϵϲ
ϰ ϭϲϮϯϰ͘ϴϮ ϭϲϭϲϴ͘ϭϰ Ϭ͘ϳϴϭ
ϱ ϭϲϭϱϭ͘ϯϳ ϭϲϬϳϭ͘ϵϴ Ϭ͘ϳϴϴ
ϲ ϭϲϬϴϴ͘ϰϲ ϭϱϵϵϲ͘ϯϴ Ϭ͘ϳϴϳ

7DEOHE$JHWR7UDMHFWRU\*URXS/LNHOLKRRGE\,QWHUYHQWLRQDQG%DVHOLQH&3
WƌĞĚŝĐƚŽƌ ϰǀƐ͘ϭ ϰǀƐ͘Ϯ ϰǀƐ͘ϯ ϰǀƐ͘ϱ
 ƐƚŝŵĂƚĞ Ɖ ƐƚŝŵĂƚĞ Ɖ ƐƚŝŵĂƚĞ Ɖ ƐƚŝŵĂƚĞ Ɖ
/ŶƚĞƌǀĞŶƚŝŽŶ ͲϬ͘Ϯϯϰ Ϭ͘ϱϲϯ Ϭ͘ϭϲϴ Ϭ͘ϲϵϱ ͲϬ͘ϮϰϮ Ϭ͘ϯϱϭ Ϭ͘ϭϰϱ Ϭ͘ϱϮϬ











EƵŵďĞƌŽĨ'ƌŽƵƉƐ / / ŶƚƌŽƉǇ
Ϯ ϮϬϬϳϮ͘ϲϭ ϮϬϬϮϴ͘ϭϲ Ϭ͘ϴϲϯ
ϯ ϭϵϲϳϭ͘Ϯϭ ϭϵϲϭϰ͘Ϭϱ Ϭ͘ϳϴϲ
ϰ ϭϵϱϰϭ͘ϲϯ ϭϵϰϳϭ͘ϳϳ Ϭ͘ϳϲϰ
ϱ ϭϵϰϰϰ͘ϱϯ ϭϵϯϲϭ͘ϵϳ Ϭ͘ϳϲϯ
ϲ ϭϵϯϱϲ͘ϴ ϭϵϮϲϭ͘ϱϰ Ϭ͘ϳϳϳ

7DEOHE$JHWR7UDMHFWRU\*URXS/LNHOLKRRGE\,QWHUYHQWLRQDQG%DVHOLQH&3
WƌĞĚŝĐƚŽƌ ϱǀƐ͘ϭ ϱǀƐ͘Ϯ ϱǀƐ͘ϯ ϱǀƐ͘ϰ
 ƐƚŝŵĂƚĞ Ɖ ƐƚŝŵĂƚĞ Ɖ ƐƚŝŵĂƚĞ Ɖ ƐƚŝŵĂƚĞ Ɖ
/ŶƚĞƌǀĞŶƚŝŽŶ Ϭ͘Ϯϵϯ Ϭ͘ϱϭϴ Ϭ͘ϬϬϴ Ϭ͘ϵϴϱ Ϭ͘ϬϮϳ Ϭ͘ϵϱϳ Ϭ͘ϭϲϭ Ϭ͘ϱϲϲ





















WŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϯ ϱ͘ϲϮϵΎΎ Ϭ͘ϰϵϬ Ϭ͘ϱϯϭ Ϭ͘ϱϬϮ Ϯхϭ
WŽƐŝƚŝǀĞͬŶĞƵƚƌĂůĂŐĞϰ Ϯ͘ϲϱϬΏ Ϭ͘ϰϯϰ Ϭ͘ϰϲϮ Ϭ͘ϰϮϲ Ϯхϭ




Ϭ͘ϳϱϴ ϰ͘ϰϰϬ ϰ͘ϯϬϳ ϰ͘ϳϳϯ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϰ
ϭ͘ϴϰϯ ϰ͘ϭϰϮ ϯ͘ϲϲϮ ϯ͘ϵϯϭ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϱ
ϭ͘Ϭϭϳ ϯ͘ϳϲϵ ϯ͘ϰϴϲ ϯ͘ϯϲϴ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϳ͘ϱ
Ϭ͘ϵϵϱ ϯ͘ϴϳϵ ϯ͘ϵϳϯ ϯ͘ϰϯϮ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϴ͘ϱ
Ϭ͘ϵϲϰ ϯ͘Ϭϳϯ ϯ͘ϯϯϳ Ϯ͘ϴϮϭ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϵ͘ϱ




Ϭ͘ϬϳϮ ϯ͘ϴϳϵ ϯ͘ϳϲϴ ϯ͘ϴϮϴ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϴ͘ϱ
Ϭ͘Ϭϱϳ ϯ͘Ϭϳϯ ϯ͘ϭϲϴ ϯ͘ϭϮϱ 
KƉƉŽƐŝƚŝŽŶĂůͬŐŐƌĞƐƐŝǀĞ
ĂŐĞϵ͘ϱ
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